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Welcome to CUBIT, the Sandia National Laboratory automated mesh generation toolkit.
CUBIT is a full-featured software toolkit for robust generation of two- and three-
dimensional finite element meshes (grids) and geometry preparation. Its main goal is to
reduce the time to generate meshes, particularly large hex meshes of complicated,
interlocking assembilies. It is a solid-modeler based preprocessor that meshes volumes
and surfaces for finite element analysis. Mesh generation algorithms include quadrilateral
and triangular paving, 2D and 3D mapping, hex sweeping and multi-sweeping, tetrahedral
meshing, and various special purpose primitives. CUBIT contains many algorithms for
controlling and automating much of the meshing process, such as automatic scheme
selection, interval matching, sweep grouping, and also includes state-of-the-art
smoothing algorithms

The CUBIT environment is designed to provide the user with a powerful toolkit of meshing
algorithms that require varying degrees of input to produce a complete finite element
model. Many CUBIT users want to experiment with capabilities as soon as possible.
Hence, CUBIT releases often contain algorithms which are not quite ready for production
use. These features are listed in the Appendix, and are accessible to the user by
specifying a developer flag.

The overall goal of the CUBIT project is to reduce the time it takes a person to generate
an analysis model. Generating meshes for complex, solid model-based geometries
requires a variety of tools. Many CUBIT tools are completely automatic, while others
require user input. Usually, the automatic choices can be over-ridden by the user if
necessary. Most meshing capabilities are integrated into the common CUBIT framework;
there are also stand-alone tools like Verde. The user is encouraged to become familiar
with all of the available tools, so that he can choose the right one for the job.

CUBIT Mailing Lists

CUBIT™ users mailing list

We maintain a mailing list intended for our users to discuss CUBIT™ issues and to use
for a help resource. It also carries announcements that we feel are of interest to our user
community. To subscribe to or unsubscribe from this list, send an email to cubit-
support@sandia.gov from your organizational email address inserting subscribe cubit
or unsubscribe cubit in the subject line.

To send mail to the list, use cubit@sandia.gov
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CUBIT™ Announcements mailing list

We also maintain a mailing list that will only broadcast announcements we feel will be of
interest to our users. If you are already subscribed to our cubit@sandia.gov mailing list,
you do NOT need to subscribe to the cubit-announce@sandia.gov list, as
announcements will be echoed on it also. To subscribe to or unsubscribe from the
announcements-only mailing list, send an email to cubit-support@sandia.gov from your
organizational email address inserting subscribe cubit-announce or unsubscribe
cubit-announce in the subject line.

Hardware Requirements

Cubit is available on the following platforms:

e Red Hat 7, 64 bit (or similar system with at least glibc 2.17 and libstdc++ 4.8)
e Windows 10, 64 bit
e« Mac 10.14+, 64 bit only

The Graphical User Interface version is available on all platforms.
For best results, local displays supporting OpenGL 3.2 or newer is recommended.

How to Use This Manual

This manual provides specific information about the commands and features of CUBIT.
It is divided into chapters, which roughly follow the process in which a finite element model
is created, from geometry creation to mesh generation to boundary condition application.
Examples are provided in the tutorial chapter. Appendices contain advanced topics, alpha
commands, summary of APREPRO functions, FASTQ reference, a troubleshooting
guide, and references.

Integrated in CUBIT are algorithms and tools, which are in a

@ user-beware state. As they are further tested (often with the
assistance of users) and improved, the tool becomes more
stable and production-worthy. Since documentation of the
tool is necessary for actual use, we have included the
documentation of all available tools. However, a "hammer"
icon is placed next to some capabilities as a warning.

Certain portions of this manual contain information that is vital
@5 for understanding and effectively using CUBIT. These
portions are  highlighted with a "key" icon.

Key Features

Geometry Creation, Modification, and Healing

CUBIT usually relies on the ACIS solid modeling kernel for geometry representation; there
is also mesh-based geometry. Other solid model kernels are planned. Geometry is
imported or created within CUBIT. Geometry is created bottom-up or through primitives.
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CUBIT can alsoread STEP, IGES, and FASTQ files and convert them to the ACIS kernel.
SolidWorks, AutoCAD, and some other commercial CAD systems can write SAT files
directly.

Once in CUBIT, an ACIS model is modified through Booleans, or tweaking curves and
surfaces. Without changing the geometric definition of the model, the topology of the
model may be changed using virtual geometry. For example, virtual geometry can be
used to composite two surfaces together, erasing the curve dividing them.

Sometimes, an ACIS model is poorly defined. This often happens with translated models.
The model can be healed inside CUBIT.

Non-Manifold Topology

Typical assembly meshes require contiguous mesh across multiple parts in an assembly.
CUBIT accomplishes this by taking the two touching surfaces of neighboring volumes,
and merging them into a single surface. There will be only one mesh of the surface, and
both volume meshes will share that surface mesh. (In contrast, some meshing packages
keep two surfaces, and take steps to ensure their mesh connectivity and positions match.)
These shared surfaces are called non-manifold topology. Geometric models are usually
imported into CUBIT as manifold (non-shared) models; then, surfaces which pass a
geometric and topological comparison are "merged”. A similar technique is used to merge
model edges and vertices across parts. These comparisons are performed automatically,
and can optionally be restricted to subsets of the model (to allow representations of such
features as slide lines).

Geometry Decomposition

Solid models often require decomposition to make them amenable to hexahedral
meshing. CUBIT contains a wide variety of tools for interactive geometry decomposition,
and a capability for performing automatic geometry decomposition is also under
development.

Mesh Generation

CUBIT contains a variety of tools for generating meshes in one, two and three
dimensions. While the primary focus of CUBIT is on generating unstructured quadrilateral
and hexahedral meshes, algorithms are also available for structured mesh generation
and triangle/tetrahedral mesh generation. Several algorithms for generating mixed hex-
tet meshes are also being developed.

Boundary Conditions

CUBIT uses different boundary conditions for EXODUS-II format and Non-Exodus
formats such as ABAQUS, for importing and exporting mesh data. EXODUS represents
boundary conditions on meshes using Element Blocks, Nodesets, and Sidesets. Element
Blocks are used to group elements by material type. Nodesets are used to group nodes.
Other analysis programs can apply nodal boundary conditions to these sets, such as
enforced displacement or nodal temperature values. Sidesets are used to group sides of
elements, such as faces of hexes or edges of quads. Other analysis programs can apply
face-based and edge-based boundary conditions to these sets, for example pressure or
heat flux.

Using Element Blocks, Nodesets and Sidesets, a mesh and boundary conditions can be
specified in an analysis-independent manner. Typically this specification is combined with
an additional data file which designates the specific type of boundary condition
(temperature, displacement, pressure, etc.), along with boundary condition values.
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Non-Exodus export formats such as Abaqus support more specific boundary condition
sets. These sets may include displacements, temperatures, forces, heatflux, pressure, or
contact pairs.

Element Types

CUBIT supports a wide variety of element types, including 1d, 2d, and 3d elements of
various orders. Each block has a unique element type. The element type is specified after
the block is created, and after mesh generation (recommended). Higher order nodes are
generated when the element type is specified. Higher order nodes are projected to curved
geometry, depending on the user-settable node constraint flag.

Graphics Display Capabilities

CUBIT uses the VTK package for its graphics and rendering engine. CUBIT can display
geometric and mesh entities in several modes, including hidden line, shaded, transparent
or wireframe modes. CUBIT supports screen picking of geometric and mesh entities, as
well as mouse-controlled view transformations like rotate, pan, and zoom. VTK takes
advantage of hardware acceleration on most supported platforms. Image files of any
displayed image can also be generated. CUBIT can also be run without graphics, to allow
execution in batch mode or over slow network connections.

Graphical User Interface

A full graphical user interface (GUI) with the standard look and feel consistent with major
platforms is available on all supported Cubit platforms. The GUI version can improve
productivity, making new users aware of the wide range of CUBIT capabilities, and freeing
new and experienced users from having to remember esoteric syntax. The GUI and non-
GUI versions create and play back identical journal files, making it easier to switch from
one environment to the other.

Command Line Interface

In the command line interface, commands are specified by text rather than mouse clicks.
Commands can be entered interactively or in batch mode by playing back a journal file.
The command line interface is available in the GUI through a window. The non-GUI
version supports graphical picking and echoing to the command line, and also mouse-
driven view transformations, but no menus and dialog boxes. The command line and GUI
dialog boxes support the APREPRO preprocessor, which allows parameterization of
input. The non-GUI version is available on all platforms, including Windows.

Licensing, Distribution and Installation

Please refer to https://cubit.sandia.gov/licensing for information on licensing and
distribution.

Problem Reports and Enhancement Requests

CUBIT bugs, problem reports and enhancement requests should be reported via the Help
Desk Portal or sent to cubit-help@sandia.gov or cubit-dev@sandia.gov. The CUBIT
production meshing team or development team will review the email quickly. Users should
expect some type of response within two days. Bugs are usually entered by a developer
into CUBIT's bug tracking system.

Trademark Notice
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ACIS™ is a proprietary format developed by Spatial Corporation.
Granite is a proprietary format developed by Parametric Technology Corporation
All other trademarks are the property of their respective owners.
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Environment Control
Environment Control

Session Control

Graphical User Interface

Command Recording and Playback
Graphics Window Control

Entity Selection and Filtering

Location, Direction, and Axis Specification
Listing Information

The CUBIT user interface is designed to fill multiple meshing needs throughout the design
to analysis process. The user interface options include a full graphical user interface, a
modern command line interface as well as no-graphics and batch mode operation. This
chapter covers the interface options as well as the use of journal files, control of the
graphics, a description of methods for obtaining model information, and an overview of
the help facility.

session control
Session Control

Starting and Exiting a CUBIT Session
Execution Command Syntax
Initialization Files

Environment Variables

Command Syntax

Command Line Help

Environment Commands

Saving and Restoring a CUBIT Session
Interrupting Running Tasks

This section provides an overview to session control in CUBIT. This includes information
on starting and exiting a CUBIT session, running CUBIT in batch mode, initialization files,
how to enter commands, file manipulation, changing the working directory, memory
manipulation and more. Much of your ability to use CUBIT effectively depends on mastery
of concepts in this section. Even experienced users will find it useful to review this section
periodically.

Command Line Help

In addition to the documentation you are currently viewing, CUBIT can give help on
command syntax from the command line. For help on a particular command or keyword,
the user can simply type help <keyword>. If the user is uncertain of the keyword, an
asterisk * may be added to the end of the entered characters and help for all keywords
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that start with the entered characters will be printed. In addition, if the user has typed part
of a command and is uncertain of the syntax of the remainder of the command, they can
type a question mark ? and help will be printed for the sequence of keywords currently
entered. It is important to note that if the user has typed the keywords out of order, then
no help will be found. If the user is not sure of the correct order of the keywords, the
ampersand & key will search on all occurrences of whatever keywords are entered,
regardless of the order. The results of this type of command are shown in the following
listing.

CUBIT>help degenerate*

Help for words: degenerate*.

set Block Mixed Element Output { OFFSET | Degenerate }

set Degenerates [on|off]

CUBIT> volume 3 label ?
Completing commands starting with: volume, label.
Help not found for the specified word order.

CuBIT> volume 3 label &
Help for words: volume & label
Label Volume [ on | off | name [onlyl|id] | id | interval | size | scheme | merge |
firmness |

CuBIT> label volume 3 ?
Completing commands starting with: label, volume.

Label Volume [on|offlname [only|ids]|ids|interval|size|scheme|merge|firmness]

Command Syntax

The execution of CUBIT is controlled either by entering commands from the command
line or by reading them in from a journal file. Throughout this document, each function or
process will have a description of the corresponding CUBIT command; in this section,
general conventions for command syntax will be described. The user can obtain a quick
guide to proper command format by issuing the <keyword> help command; see
Command Line Help for details.

CUBIT commands are described in this manual and in the help output using the following
conventions. An example of a typical CUBIT command is:

Volume <range> Scheme Sweep [Source [Surface] <range>] [Target [Surface]
<range>] [Rotate {on | OFF}]

The commands recognized by CUBIT are free-format and abide by the following syntax
conventions.

1. Case is not significant.

2. The "#" character in any command line begins a comment. The "#" and any
characters following it on the same line are ignored. Although note that the "#"
character can also be used to start an Aprepro statement. See the Aprepro
documentation for more information.

3. Commands may be abbreviated as long as enough characters are used to
distinguish it from other commands.

12
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4. The meaning and type of command parameters depend on the keyword. Some

parameters used in CUBIT commands are:

Numeric: A numeric parameter may be a real number or an integer. A real number
may be in any legal C or FORTRAN numeric format (for example, 1, 0.2, -1e-2).
An integer parameter may be in any legal decimal integer format (for example, 1,
100, 1000, but not 1.5, 1.0, Ox1F).

String: A string parameter is a literal character string contained within single or
double quotes. For example, 'This is a string'.

Filename: When a command requires a filename, the filename must be enclosed
in single or double quotes. If no path is specified, the file is understood to be in the
current working directory. After entering a portion of a filename, typing a "?" will
complete the filename, or as much of the filename as possible if there is more than
one possible match.

A filename parameter must specify a legal filename on the system on which CUBIT
is running. The filename may be specified using either a relative path
(../cubit/mesh.jou), a fully-qualified path (/home/jdoe/cubit/mesh.jou), or no
path; in the latter case, the file must be in the working directory (See Environment
Commands for details.) Environment variables and aliases may also be used in
the filename specification; for example, the C-Shell shorthand of referring to a file
relative to the user's login directory (~jdoe/cubit/mesh.jou) is valid.

Toggle: Some commands require a "toggle" keyword to enable or disable a setting
or option. Valid toggle keywords are "on", "yes", and "true" to enable the option;
and "off", "no", and "false" to disable the option.

Each command typically has either:

* an action keyword or "verb" followed by a variable number of parameters. For
example:

Mesh Volume 1

Here Mesh is the verb and Volume 1 is the parameter.

* or a selector keyword or "noun" followed by a name and value of an attribute of
the entity indicated. For example:

Volume 1 Scheme Sweep Source 1 Target 2

Here Volume 1 is the noun, Scheme is the attribute, and the remaining data are
parameters to the Scheme keyword.

The notation conventions used in the command descriptions in this document are:

13
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string, or a string denoting a filename or toggle. The valid value types should be
evident from the command or the command description.

e A series of words delimited by a vertical bar ( choicel | choice2 | choice3)
signifies a choice between the parameters listed.

e Atoggle parameter listed in ALL CAPS signifies the default setting.

e A word that is not enclosed in any brackets, or is enclosed in curly brackets (
{required} ) signifies required input.

e A word enclosed in square brackets ( [optional] ) signifies optional input which
can be entered to modify the default behavior of the command.

e A curly bracket that is inside a square bracket (e.g. [Rotate {on|OFF}] ) is only
required if that optional modifier is used.

Environment Commands

Working Directory

File Manipulation

CPU Time

Comment

History

Error Logging

Determining the CUBIT Version
Echoing Commands

Digits Displayed

Working Directory

The working directory is the current directory where journal files are saved. To list the
current directory type

pwd

The current path will be echoed to the screen. By default, the current directory is the
directory from which CUBIT was launched. The command to change the current
directory is

cd "<new_path>"

The new path may be an absolute reference, or relative to the current directory. The
<TAB> key will complete unique file references.

File Manipulation

A helpful addition is the ability to do a directory listing of a directory. The command for
this is

14
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Is ['<file_name>']

or

dir ['<file_name>']

Note also that you can delete files from the command line. The command for this is
Delete File ['<file_name>']

The file name may include the wildcard character *, but not the wildcard character ?, since
the ? is used for command completion. File deletion from the command line can also be
disabled. If deletions are set to off files cannot be deleted from the cubit command line.
Set Deletions [ON|Off]

The mkdir command is used to create a new directory. The syntax for this command is:
Mkdir "<directory_name>"

This creates a new directory with the specified name and path. The command accepts an
absolute path, a relative path, or no path. If a relative path is specified, it is relative to the
current working directory, which can be seen by typing 'pwd' at the cubit command
prompt. If no path is specified, the new directory is created in the current working
directory.

The command succeeds if the specified directory was successfully created, or if the
specified directory already exists. The command fails if the new directory's immediate
parent directory does not exist or is not a directory.

CPU Time

At times it is important to see how much cpu time is being used by a command. One
function available to do this is the timer command. The syntax for this command is:

Timer [Start|Stop]

The start option will start a CPU timer that will continue until the stop command is issued.
The elapsed time will be printed out on the command line. If no arguments are given, the
command will act like a toggle.

Comment

This keyword allows you to add comments without affecting the behavior of CUBIT.

Comment ['<text_to_print>'] [<aprepro_var>] [<numeric_value>]

15
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The comment command can take multiple arguments. If an argument is an unquoted
word, it is treated as an aprepro variable and its value is printed out. Quoted strings are
printed verbatim, and numbers are printed as they would be in a journal string. For
example:

CuUBIT> #{x=5}
CUBIT> #{s="my string"'}
CUBIT> comment "X is" X "and S is" S
User Comment: X is 5 and S IS my string

Journaled Command: comment "x is" x "and s is" s

History

This command allows you to display a listing of your previous commands.
History <number_of lines>

For example, if you type history 10, the most recent 10 commands will be echoed to the
input window.

Error Logging
[set] Logging Errors {Off | On File '<filename>'[Resume]}
This setting will allow users to echo error messages to a separate log file. The resume

option will allow output to be appended to existing files instead of overwriting them. For
more information on CUBIT environment settings see List Cubit Environment.

Determining the CUBIT Version

To determine information on version numbers, enter the command Version. This
command reports the CUBIT version number, the date and time the executable was
compiled, and the version numbers of the ACIS solid modeler and the VTK library linked
into the executable. This information is useful when discussing available capabilities or
software problems with CUBIT developers.

Echoing Commands

By default, commands entered by the user will be echoed to the terminal. The echo of
commands is controlled with the command:

[Set] Echo {On | Off}

Digits Displayed

16
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CUBIT uses all available precision internally, but by default will only print out a certain
number of digits in order for columns to line up nicely. The user can override that with the
"set digits" command:

Set Digits [<num_to_list=-1>]

If the digits are set to -1, then the default number of digits for pretty formatting are used.
If the digits are set to a specific number, such as 15, more digits of accuracy can be
displayed. This may be useful when checking the exact position and size of geometric
features.

The number of digits used for listing positions, vectors and lengths can be listed using the
following command:

List Digits

Examples:

CUBIT> set digits 6

Coordinates and lengths will be listed with up to 6 digits.

CUBIT> set digits 20

For this platform, max digits = 15. Coordinates and lengths will be listed with up to 15
digits.

CUBIT> set digits -1

To reset digits to default, use 'set digits -1'

The number of coordinate and length digits listed will vary depending on the context.

Environment Variables

CUBIT can interpret the following environment variables. These settings are only
applicable to the Command Line Version of CUBIT and do not apply to the Graphical User
Interface. See also the CUBIT_STEP_PATH and CUBIT IGES PATH environment
variables. See also the CUBIT_DIR, HOMEDRIVE and HOMEPATH settings.

DISPLAY The graphics window or GUI will pop-up on the
specified X-Window display. This is useful for
running CUBIT across a network, or on a machine
with more than one monitor. Unix only.

CUBIT_OPT Execution command line parameter options. Any
option that is valid from the command line may be
used in this environment variable. See Execution
Command Syntax.

CUBIT _Journal |Specifies path and name to use for journal file. The
specified path may contain the following %-escape

sequences:
%a - abbreviated weekday name
%A - full weekday name
%b - abbreviated month name

17



Environment Control

%B - full month name
%d - date of the month [01,31]
%H - hour (24-hour clock) [00,23]
%I - hour (22-hour clock) [01,12]
%] - day of the year [1,366]
%m - month number [1,12]
%M - minute [00,59]
%n - replaced with the next available number
between 01 and 999.
%p - "a.m." or "p.m."
%S - seconds [00,61]
%u - weekday [1,7], 1 is Monday
%U - week of year [00,53]
%w - weekday [0,6], O is Sunday
%y - year without century [00,99]
%Y - year with century (e.g. 1999)

%% - a '%' character

The default value is "cubit%n.jou". This creates
journal files in the current directory named
"cubit00.jou", "cubitOl.jou", "cubit02.jou", etc. To
keep the same naming scheme but create the files
the /tmp directory, set CUBIT_JOURNAL to
"/tmp/cubit%n.jou”

To create journal files in directories according to the
day of the week, first create directories named
"Mon", "Tues", etc. CUBIT will not create them for
you. Next set CUBIT_JOURNAL to
"%al%n.jou". This will create journal files named
"01.jou" through "999.jou" in the appropriate
directory for the current day of the week.
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Execution Command Syntax
To run CUBIT from the command line:

cubit [options and args] [journalFile(s)]
claro [options and args] [journalFile(s)|python historyFile(s)]
Claro is the GUI version of CUBIT, which includes a python interpreter. To run a python

script in CUBIT from the command line, run claro instead of cubit.
Command options for the command line are:

cubit
-help (Print this summary)
-Include <$val> (Specify a journal file)
-workingdir  <$val> (Directory  to use as working directory)
-input $val (Playback commands in file $val)

-solidmodel <$val> (Read .sat, .cub or .exo from file $val)
-nogeom (Read .exo from -solidmodel $val without creating geometry)
-lite (Read .exo from -solidmodel $val in lite mode)
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-fastq <$val> (Read FASTQ file

-initfile <$val> (Read $val as initialization file instead
of $HOME/.cubit)
-batch (Batch Mode - No Interactive Command
-nographics (Do not display graphics windows)
-nogui (Do not display graphical user interface)
-noinitfile (Do not read .cubit

-noecho (Do not echo commands to console)
-nojournal (Do not write journal
-nodeletions (Do not allow file deletions)
-journalfile  <$val> (Name of journal file, will be overwritten)
-restore [$val] (Name of restore file (default = cubit_geom.save.sat))
-maxjournal  [$val] (Maximum number of journal files to
-warning [$val] (Warning Messages On/Off)
-information [$val] (Informational Messages On/Off)
-debug <$val> (Set specified flags on, e.g. 1,3,7-9
enables 1,3,7,8,9))
-display <$val> (Specify display to be used
graphics window)
-driver <S$val> (Specify the type of driver to be used
graphics display)
-nooverwritecheck (Do not perform file export overwrite check)
-nobanner (Suppress printing of startup information)
-version (Prints version information)
-log <$val> (Copy all output to specified

APREPRO variable pair (Quoted name value pair)

Each of these is optional. If specified, the quantities in square brackets, [$val], are

optional and the quantities in angle brackets, <$val>, are required.
Options are summarized in more detail below:

-help Print a short usage summary of the
command syntax to the terminal and exit.

-workingdir Set the working directory to be used at
startup. Journal files will be written to this
directory.

-initfile <$val> Use the file specified by <$val> as the

initialization file instead of the default set
of initialization files. See Initialization
Files

-noinitfile Do not read any initialization file. This
overrides the default behavior described
in Initialization Files

-solidmodel <$val> Read the ACIS solid model geometry or
.cub file information from the file
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-batch

-nographics

-nogui

-display

-driver <type>

-nojournal

-journalfile <file>

-maxjournal <$val>

-nodeletions

-nooverwritecheck
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specified by <$val> prior to prompting for
interactive input.

Specify that there will be no interactive
input in this execution of CUBIT. CUBIT
will  terminate after reading the
initialization file, the geometry file, and
the input_file_list.

Run CUBIT without graphics. This is
generally used with the -batch option or
when running CUBIT over a line terminal.

Run CUBIT without the graphical user
interface.

Sets the location where the CUBIT
graphics system will be displayed,
analogous to the -display environment
variable for the X Windows system. Unix
only.

Sets the <type> of graphics display
driver to be used. Available drivers
depend on platform, hardware, and
system installation. Typical drivers
include X11 and OpenGL.

Do not create a journal file for this
execution of CUBIT. This option
performs the same function as the
Journal Off command. The default
behavior is to create a new journal file for
every execution of CUBIT.

Write the journal entries to <file>. The
file will be overwritten if it already exists.

Only create a maximum of <$val>
default journal files. Default journal files
are of the form cubit#.jou where # is a
number in the range 01 to 999.

Turn off the ability to delete files with the
delete file '<filename>' command.

Turn off the file overwrite check flag.
Files that are written may then overwrite
(erase) old files with the same name with
no warning. This is typically useful when
re-running journal files, in order to
overwrite existing output files. See the



-restore

-noecho

-debug <$val>

-information {on|off}
-warning {on|off}
-Include <path>

-fastq <file>

<input_file_list>

-log <file>

<variable=value>

Environment Control

set File Overwrite Check [ON|off]
command.

Restore the specified filename (or
"cubit_geom") mesh and ACIS files, e.qg.
cubit_geom.save.g and
cubit_geom.save.sat.

Do not echo commands to the console.
This option performs the same function
as the Echo Off command. The default
behavior is to echo commands to the
console.

Set to "on" the debug message flags
indicated by <$val>, where <$val> is a
comma-separated list of integers or
ranges of integers, e.g. 1,3,8-10.

Turn {on|off} the printing of information
messages from CUBIT to the console.

Turn {on|off} the printing of warning
messages from CUBIT to the console.

Allows the user to specify a journal file
from the command line.

Read the mesh and geometry definition
data in the FASTQ file <file> and
interpret the data as FASTQ commands.
See T. D. Blacker, FASTQ Users Manual
Version 1.2, SANDS88-1326, Sandia
National Laboratories, (1988). for a
description of the FASTQ file format.

Input files to be read and executed by
CUBIT. Files are processed in the order
listed, and afterwards interactive
command input can be entered (unless
the -batch option is used.)

Copies all output to the specified file.

APREPRO variable-value pairs to be
used in the CUBIT session. Values can
be either doubles or character type
(character values must be surrounded by
double quotes.). Command options can
also be specified using the CUBIT_OPT
environment variable. (See Environment
Variables .)
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Passing Variables into a CUBIT Session

To pass an aprepro variable into a CUBIT Session, start cubit with the variable defined in
guotes i.e. cubit "some_var=2.3"

Initialization Files

CUBIT can execute commands on startup, before interactive command input, through
initialization files. This is useful if the user frequently uses the same settings.

The following files are played back in order, if they exist, at startup:

$(cubit install directory)/.cubit.install
$HOME/.cubit

$(current working directory)/.cubit

The $(cubit install directory) is determined by the location the program is installed. On
Linux and Windows, it'll be the bin directory of the installation and on macOS it'll be the
Cubit.app/Contents/MacOS directory.

$HOME is an environment variable pointing to the location of the user's home directory.
On Windows, the HOMEDRIVE and HOMEPATH environment variables will be used
instead of the HOME environment variable.

The $(current working directory) is determined by where the user starts the program
itself.

If the -initfile <filename> option is used on the command that starts cubit, then the other
init files are skipped and only the specified filename is played back.

These files are typically used to perform initialization commands that do not change from
one execution to the next, such as turning off journal file output, specifying default mouse
buttons, setting geometric and mesh entity colors, and setting the size of the graphics
window.

Interrupting Running Tasks

Many operations in the command line version of CUBIT can be interrupted using
<Control>-C. Pressing <Control>-C will attempt to interrupt the running process as soon
as feasible, returning the user back to the command line. Not all operations may be
interrupted, and many can only be interrupted at certain stages. Any current tasks are
canceled as soon as it is feasible to do so, including playback of journal files. The
playback of a journal file is always stopped, even if the current running task cannot be
interrupted. The journal file will stop at the next opportunity, when the current task is
completed. Interrupted journal files may be resumed at the next command. See the
section titled Controlling Playback of Journal Files for more information on controlling
playback of journal files.

The GUI has a cancel button that can be used to interrupt the current command. The
cancel button will turn red when a command can be interrupted. The cancel button has
an 'x' on it, and is located on the status bar, which is at the bottom of the application.

Saving and Restoring a Cubit Session

There are currently two ways to save/restore a model in CUBIT. A file can be saved with
either the Exodus or CUBIT File method. The method of choice is determined by a set
command. The CUBIT method is the default.
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Set Save [exodus|CUBIT] [Backups <number>]

CUBIT File Method
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The CUBIT file is a binary cross-platform compatible file for the storage of a Cubit model
that is compact in size and efficient to access. It includes both the geometry and the
associated mesh, groups, blocks, sidesets, and nodesets. Mesh and geometry are
restored from the Cubit file in exactly the same state as when saved. For example,
element faces and edges are persistent, as well as mesh and geometry ids. The Graphical
User Interface version of CUBIT also provides a toolbar with direct access to file

operations using the CUBIT File method described here.
New

Creates a new blank model with default name, closing the current model. The New
command essentially acts like the reset command.

Open ‘<filename>"
Opens an existing *.cub file, closing the current model.
Save

A default file name is assigned when CUBIT is started (in very much the same way
the journal files are assigned on startup) in the form cubitO1.cub, for example. The
current model filename is displayed on the title bar of the CUBIT window. Typing save
at any time during your session will save the current model to the assigned *.cub file.
The *.cub file includes the *.sat file and the mesh. Groups, blocks, sidesets and
nodesets are also saved within the *.cub file. To change the name of the current
model, or to save the model's current geometry to a different file, use the save as
command. Note that 'save <file.cub>'is NOT a valid command.

Save
Save As 'filename.cub’ [Overwrite]

The set file overwrite command can be toggled on and off to allow overwriting when
using the save as command. The command is defaulted to not allow overwriting.

Set File Overwrite [On|OFF]
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A backup file is created by default, allowing access to previous states of the model.
The backup files are named *.cub.1, *.cub.2... The user can set the total number of
backups created per model with the following command (the default number of
backups is 99,999):

Set Save Backups <number>

As soon as the number of model backups reaches the maximum, the lowest
numbered backup file will be removed upon subsequent backup creation.

To check on the status of a 'set' command, type in the command in question without
any options. For example, to check which save method is currently toggled, type:
Set Save

Import

Appends a *.cub file to an existing model.

Import Cubit ‘filename.cub’ [merge globally]

Export

In addition to saving an entire model, one can use the export command to save only
a portion of a model. The geometry and associated mesh, groups, blocks, sidesets
and nodesets are exported. Only bodies or free surfaces, curves or vertices can be
exported to a Cubit file.

Export Cubit 'filename.cub’ entity-list

Starting and Exiting a CUBIT Session
The following commands are used to control CUBIT execution.

Starting the Session

The command line version of CUBIT can be started on UNIX machines by typing "cubit"
at the command prompt from within the CUBIT directory. If you have not yet installed
CUBIT, instructions for doing so can be found in Licensing, Distribution and Installation.

A CUBIT console window will appear which tells the user which CUBIT version is being
run and the most recent revision date. A graphics window will also appear unless you are
running with the -nographics option. For a complete list of startup options see the
Execution Command Syntax section of this document. CUBIT can also be run with

initialization files or in batch mode.

Windows File Association
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Windows users have the option to associate .cub, .sat, and .jou files with CUBIT. This
means that double-clicking on one of these files will open it automatically in CUBIT. This
option is available during the installation process

Exiting the Session

The CUBIT session can be discontinued with either of the following commands

Exit

Quit

Resetting the Session

A reset of CUBIT will clear the CUBIT database of the current geometry and mesh model,
allowing the user to begin a new session without exiting CUBIT. This is accomplished
with the command

Reset [Genesis | Block | Nodeset | Sideset | QA_Records]

A subset of portions of the CUBIT database to be reset can be designated using the
gualifiers listed. Advanced options controlled with the Set command are not reset.

QA Records are stored in exodus, genesis, or cub files. If your file contains an excessive
amount of ga records and you don't need them, it is beneficial to reset them for faster file
/0.

You can also reset the number of errors in the current Cubit session, using the command
Reset Errors <value>

which will set the error count to the specified value, or zero if the value is left blank.

Abort Handling

In the event of a crash, Cubit will attempt to save the current mesh as "crashbackup.cub”
in the current working directory just before it exits.

To disable saving of the crashbackup.cub file set an environment variable
CUBIT_NO_CRASHSAVE equal to true. Or, use the following command:

Set Crash Save [On|Off]
This command will turn on or off crashbackup.cub creation during a crash on a per-

instance basis. To minimize the effects of unexpected aborts, use Cubit's automatic
journaling feature, and remember to save your model often.

recording and playback
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Command Recording and Playback

Sequences of CUBIT commands can be recorded and used as a means to control CUBIT
from ASCII text files. Command or "journal” files can be created within CUBIT, or can be
created and edited directly by the user outside CUBIT.

Journal File Creation & Playback
Controlling Playback of Journal Files
Automatic Journal File Creation
IDless Journal Files

Automatic Journal File Creation
Controlling Automatic Journal File Creation

By default, CUBIT automatically creates a journal file each time it is executed. The file is
created in the current directory, and its name begins with the word "cubit " or "history",
depending on the version of CUBIT, followed by a number starting with cubitO1.jou and
continuing up to a maximum of cubit999.jou. It is recommended that the user keep no
more than around 100 journal files in any directory, to avoid using up disk space and
causing confusion. To that end, when the journal name increments to more than
cubit99.jou, a warning will be given on startup telling the user that there are at least 99
journal files, and to please clean out unused files. If the user has up through cubit999.jou,
then the user is warned that there are too many journal files in the current directory, and
cubit999.jou will be re-used, destroying the previous contents.

When starting cubit, the choice of journal file name to be used depends on whether it is
creating a historyXX.jou file, or a cubitXX.jou file. For historyXX.jou files, it will look for the
highest used number in the current directory and increment it by one. For example, if
there are already journal files with names history01.jou, history02.jou, and history04.jou,
Cubit will use history05.jou as the current journal file. For cubitXX.jou files, Cubit will fill in
gaps, starting with the lowest number. For example, if there are already journal files with
names cubitOl.jou, cubit02, jou, and cubitO4.jou, then Cubit will use cubit03.jou as the
current journal file.

Journal file names end with a ".jou" extension, though this is not strictly required for user-
generated journal files. If no journaling is desired, the user may start CUBIT with the -
nojournal command line option or use the command :

[Set] Journal {Off | On}

Turning journaling back on resumes writing commands to the same journal file.

Most CUBIT commands entered during a session are journaled; the exceptions are
commands that require interactive input (such as Zoom Cursor), some graphics related
commands, and the Playback command.

Recording Graphics Commands

All graphics related commands may be enabled or disabled with the command:
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Journal Graphics {On | Off}

The default is Journal Graphics Off .

Recording Entity IDs and Names

When an entity is specified in a command using its name, the command may be journaled
using the entity name, or by using the corresponding entity type and id. The method used
to journal commands using hames is determined with the command:

Journal Names {On | Off}

The default is Journal Names On .

If an entity is referred to using its entity type and id, the command will be journaled with
the entity type and id, even if the entity has been named.

Recording APREPRO Commands

APREPRO commands may be echoed to the journal file using the following command

[set] Journal [Graphics|Names|Aprepro|Errors] [on|off]

See APREPRO Journaling for more information.

Recording Errors

The default mode for CUBIT is to not journal any command that does not execute
successfully. To turn this mode off and echo all commands to the journal file, regardless
of the success status, use the following command:

Journal Errors {On|OFF}

If a command did not execute successfully and the journal errors status is ON, then the
unsuccessful command will be written as a comment to the file. For example an
unsuccessful command might look like the following in the journal file

## create brick x 10 x 10 z 10

Since CUBIT recognizes this as erroneous syntax, it will issue an error when the
command is issued, but will still write the command to the journal file as a comment,
prefixing the command with "##".

This option may be useful when tracking or documenting program errors.

Controlling Playback of Journal Files

The following commands control the playback of Journal Files:
Stop
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Pause

Sleep <duration_in_seconds>

Resume [<n>]

Where

Next [<n>]

The playback of a journal file can be interrupted in three ways. Pressing ctrl-c while the
journal file is playing will halt playback of the journal file. (This only works in the command
line version of CUBIT. See Interrupting Running Tasks for more information ). Alternately,
if the stop or pause commands are encountered in the journal file and CUBIT is reading
commands from a terminal (as opposed to a redirected file), playback of the journal file
will halt after that command.

The sleep command pauses execution for the specified number of seconds. It can be
used to build a delay into journal files during presentations.

In the command line version of CUBIT you can resume playback of a journal file with the
resume command. If playback was interrupted because ctrl-c was pressed, it will resume
at the next command after the one that was interrupted. If playback stopped because of
a stop or pause command in the journal file, it will resume at the next line after the stop
or pause command. If the file was paused because of a sleep command in the file, it will
resume automatically after the specified duration.

If journal files that are playing back contain playback commands themselves, there may
be multiple current journal files. The where lists all current journal files and where the
journal files have paused. Each line contains the stack position (a number), the filename
and the current line in the file. Unless CUBIT is running in batch mode, the first line is
always <stdin>. This just means that CUBIT will return to the command prompt after the
top-most journal file has completed.

The remaining portion of any active journal file may be skipped by specifying the stack
position (first number on each line of the output from the where command) of the file
where you want to resume. Any remaining commands in active journal files with lower
stack positions will be skipped.

The next command steps through interrupted journal files line-by-line. The argument to
the next command is the number of lines to read before halting playback again. If no
number is specified, the command will advance one line.

Journal playback can also be set to stop automatically when it encounters an error during
playback. The command syntax is:

Set Stop Error {On|OFF}

Setting the stop error to "on" will cause the file to halt for each error. The setting is turned
off by default.

Journal File Creation and Playback
Recording a Session

Command sequences can be written to a text file, either directly from CUBIT or using a
text editor. CUBIT commands can be read directly from a file at any time during CUBIT
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execution, or can be used to run CUBIT in batch mode. To begin and end writing
commands to a file from within CUBIT, use the command

Record '<filename>'
Record Stop

Once initiated, all commands are copied to this file after their successful execution in
CUBIT.

Replaying a Session
To replay a journal file, issue the command
Playback '<filename>"

Journal files are most commonly created by recording commands from an interactive
CUBIT session, but can also be created using automatic journaling or even by editing an
ASCII text file.

Commands being read from a file can represent either the entire set of commands for a
particular session, or can represent a subset of commands the user wishes to execute
repeatedly.

Two other commands are useful for controlling playback of CUBIT commands from
journal files. Playback from a journal file can be terminated by placing the Stop command
after the last command to be executed; this causes CUBIT to stop reading commands
from the current journal file. Playback can be paused using the Pause command; the user
is prompted to hit a key, after which playback is resumed.

Journal files are most useful for running CUBIT in batch mode, often in combination with
the parameterization available through the APREPRO capability in CUBIT. Journal files
are also useful when a new finite element model is being built, by saving a set of
initialization commands then iteratively testing different meshing strategies after playing
that initialization file.

Idless Journal Files

Journal files can also be created without reference to entity IDs. The purpose of this
command is to enable journal files created in earlier versions of CUBIT to be played back
in newer versions of CUBIT. Using the "IDless" method, commands entered with an entity
ID will be journaled with an alternative way of referring to the entity. Changes in CUBIT
or ACIS often lead to changes in entity IDs. For example, a webcut may result in volume
3 on the left and volume 4 on the right. In another version of CUBIT, those entity IDs may
be swapped (4 on the left and 3 on the right). Playing an IDless journal file makes the
actual ID of an entity irrelevant. The syntax for this command is:

[set] Journal IDless {on|off|reverse}
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The on option will enable idless journaling, and commands will be journaled without entity
IDs. For example, "mesh volume 1" may be journaled as "mesh volume at 3.42 5.66 6.32
ordinal 2".

Selecting the off option will cause commands to be journaled in the traditional manner
(i.e., as they are entered).

The reverse option allows you to convert idless journal files back into an ID-based journal
file where the new journal file will reflect current numbering standards for IDs.

If you issue the command Journal IDless without any additional options, then the current
status of ID journaling is printed. At startup, this should be "off".

The most likely scenario for converting older journal is to use the record command during
playback. The following is an example.

journal idless on
record "my idless.jou"
playback "my journal.jou"
record stop

journal idless off
To record an idless journal file back into an id-based journal file you might use the
following sequence.

journal idless reverse
record "new id based.jou"
playback "my idless.jou"
record stop

journal idless off

Note: IDless conversions of APREPRO expressions are partially supported.

When IDless mode is set to ON, APREPRO functions such as Vx(id), that take an ID as
an argument, are converted to use (X, y, z, ord) as arguments such as Vx(Xx, y, z, ord),
where (X, vy, z) is the center point coordinates and ord is the ordinal value. The ordinal
values, 1..n, identifies each entity in a set of n entities that have a common center
point. An entity's ordinal value is based on its creation order with respect to the other
entities within the same set.

When IDless mode is set to REVERSE (using the above example) Vx(x, y, z, ord) will be
converted to Vx(id). Outside these APREPRO functions, APREPRO expressions are not
modified when converting a journal file to or from its IDless form. Hence, expressions
reduced to an entity ID, such as in the command "volume {x} size 10," are not
modified. Therefore, when moving a journal file from one version of CUBIT to another, it
may be necessary to manually update IDs in APREPRO expressions.

location direction specification
Location, Direction and Axis Specification

« Specifying a Location

e Specifying a Location on a Curve

« Specifying a Direction

e Specifying an Axis

« Specifying a Plane

« Drawing a Location, Direction, or Axis
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Many commands require that a location or a direction be specified. Although entering the
three floating point numbers required to uniquely define a vector is perfectly acceptable,
it may be more convenient to specify the direction or location with respect to existing
entities in the model.

For example, the following commands might be used for creating straight curves using
location and direction specification described here:

Create Curve [From] Location {options} Location {options}
Create Curve [From] Location {options} Direction {options} Length <val>

Drawing a Location, Direction, or Axis
Some commands require you to specify a location on a curve (i.e., webcutting with a
plane normal to a curve). This location can be previewed with the following options:

1. A fraction along the curve from the start of the curve, or optionally, from a specified
vertex on the curve.

2. A distance along the curve from the start of the curve, or optionally, from a specified
vertex on the curve.

3. An xyz position that is moved to the closest point on the given curve.

4. The position of a vertex that is moved to the closest point on the given curve.

Draw Location On Curve <curve id> {Fraction <f> | Distance <d> | Position
<xval><yval><zval> | Close_To Vertex <vertex_id>} [[From] Vertex <vertex_id>
(optional for 'Fraction’ & 'Distance’)]

Some commands require a specified axis (such as webcut with a cylinder) and it is
sometimes advantageous to view an axis before modifying geometry. To draw a preview
of an axis use the following command:

Draw Axis {options}
Some commands require a specified location or point (such as create curve spline) and

it is sometimes advantages to view a location before modifying or creating geometry. To
draw a preview of a location use the following command:

Draw Location {options} [color <color_name>] [no_flush]

Some commands require a direction. To draw a preview of a direction, use the following
command:

Draw Direction {options} [from] [location {options}]

Similar commands for drawing lines and polygons may also be useful.
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Specifying an Axis

Some commands require a specified axis (such as webcut with a cylinder) and it is
sometimes advantageous to view an axis before modifying geometry. An axis is simply a
vector with a specified origin. The following options determine an axis specification:

e Last
o Direction {options} [Origin [Location] {options}] [Length <val>] [Angle <val>]
e Surface <id>
« [Revolve [About] Axis {options} Angle <val>]]
Last
Last

The last option recalls the last axis used in an axis command. The last axis does not carry
over from CUBIT session to CUBIT session.

Specify a direction and a location

Direction {options} [Origin [Location] {options}] [Length <val>] [Angle <val>]

To specify an axis simply specify a vector (a direction) and an origin (a location). Notice
that the command requires the axis direction first because the origin defaults to 0 0 0
when not specified. An example of specifying an axis to draw a location using the swing

command is as follows:

draw location 1 0 0 swing about axis direction z ang 45

(final)

,000)

(1,00

Figure 1 - Swinging a point about the z-axis

The location 1 0 0 was swung 45 degrees about an axis defined by a vector in the z
direction and an origin at 0 0 0.
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Specify a surface
Surface <id>

If a surface is specified, it must be a cone type surface. The axis of the cone surface is
used. If a non-cone type surface is specified, an error will result.

Option to revolve an axis about an axis

[Revolve [About] Axis {options} Angle <val>]

To revolve one axis around another use the revolve keyword. The following example
revolves the first axis (defined by the y-axis and origin) around the second axis (defined

by the z-axis and origin) by 45 degrees and draws the result.

draw axis direction y revolve axis direction z angle 45

3=

fina
axis ¥
000

Figure 2 - Revolving an axis about another axis
Previewing an Axis

Sometimes it is helpful to preview an axis before using it in a command. An axis may be
previewed using the Draw command. The options for previewing an axis are the same as
the ones described above.

Draw Axis {options}

Specifying a Direction

Some commands require a specified a direction or vector for the command. A direction
is basically a xyz vector in the model. The following options determine a direction
specification:

e [Vector] <xval yval zval>
. Last
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XY [ZINX|Ny|Nz

[On] | [Tangent] [At] Curve <id> {location on curve options}

[On] | [Normal] [At] Surface <id> [Location {options}]

[From] { Location {options} | {Node|Vertex} <id> }[Project] {Location {options} |
[Entity] {Node|Vertex|Curve|Surface} <id> }

« [Rotate {options}]

e [Cross [With] Direction {options}]

[Reverse]

Vector (XYZ values)

[Vector] <xval yval zval>

The most basic way to specify a direction is to just give the vector x-y-z components of
the direction. The given vector need not be a unit vector. The following three commands
simply draw a direction in the x-direction (1, 0, 0) as the Vector keyword is optional and
unit vectors are not required:

draw direction vector 100

draw direction100

draw direction 1000

Last Direction Used

Last

The last option recalls the last direction used in a command. For example, if the following
command is entered after the above vector commands a direction location would be
drawn in the x-direction (1, 0, 0).

draw direction last

Last directions do not carry over from CUBIT session to CUBIT session. The last direction
defaults to (1, 0, 0) if no direction has been used during the session.

Positive or Negative X,Y,Z Direction Vectors
X|Y|ZINX|Ny|Nz

The x|y|z|nx|ny|nz options assign the x direction, y direction, z direction, negative X
direction, negative y direction and negative z direction respectively.

On Curve Tangent

[On] | [Tangent] [At] Curve <id> {location on curve options}
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The curve option simply finds a tangent vector on a curve. Note that the on, tangent and
at keywords are optional, as well as the location on the curve. If no location is specified,
the tangent at the start vertex of the curve is found. See the section above, Specifying a
Location on a Curve, for details on how to specify where along the curve the tangent
vector is found.

draw direction curve 1

draw direction on curve 1

draw direction tangent at curve 1

draw direction tangent at curve 1 distance 3

draw direction tangent at curve 1 fraction .5

draw direction tangent at curve 1 distance 2 reverse

Figure 1 - Tangents to a Curve
On Surface Normal

[ONn] | [Normal] [At] Surface <id> [Location {options}]

The surface option simply finds a normal vector on a surface. Note that the "on", "normal”
and "at" keywords are optional, as well as the location on the surface. If no location is
specified, the normal vector at the center of the surface is found. If a location is specified,
the location is projected to the surface, then the normal vector is found.

draw direction on surface 1
draw direction on surface 1 location 120

From Location

[From] {Location {options} | Node|Vertex <id>} [Project] {Location {options} |
[Entity]

{Node|Vertex|Curve|Surface} <id>}

The from location option finds a direction that is from one location to another or from a
location to an entity. If the second specification is an entity, the first location is projected
to the entity to find the direction.

draw direction from vertex 1 vertex 2
draw direction from location on curve 1 fraction .5 surface 3
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Note that when using an entity for the second specification, the Project and Entity
keywords are generally optional. However, it is sometimes necessary to remove
ambiguity from the previous location specification. For example, the following will not
parse correctly:

draw direction location on curve 1 distance 2 surface 3

In this case, the location on the curve is parsed as a distance 2.0 from surface 3. Instead,
the desired behavior is to find the location on curve 1 as a distance of 2.0 along the curve
from the start of the curve, and project it to surface 3 to find the direction. The following
commands (all equivalent) achieve this behavior:

draw direction location on curve 1 distance 2 project surface 3

draw direction location on curve 1 distance 2 entity surface 3

draw direction location on curve 1 distance 2 project entity surface 3

Rotate

[Rotate {options}]

The rotate option allows you to rotate the direction about another vector. You can string
together as many rotations as necessary. For example:

draw direction 1 0 0 rotate about z 135 rotate about curve 1 angle 50
Options that can be used with rotate are as follows:

{Ax|X|Ay|Y|Az|Z [Angle] <angle>} | { {[About] | Towards} Direction {options}
Angle <val> } [Rotate (options)] [Origin (location)]

AX, Ay, Az (or X,Y,Z) angles can be entered in any order. The optional specification of
another rotate keyword in the options indicated that multiple nested rotations are
permitted.

Cross

[Cross [With] Direction {options}]

The cross option allows you to find the vector cross product of the direction with another
direction.

Reverse
[Reverse]

This keyword simply reverses the direction specification.
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Previewing a Direction

Sometimes it is helpful to preview a direction before using it in a command. A direction
may be previewed using the Draw command. The direction options are described above.
See Specifying a Location for a list of location options.

Draw Direction {direction _options} [Location (location options)]

Specifying a Location

Some commands require a specified location or point (such as create curve spline) for
the command. A location is basically an x-y-z position in the model. The following options
determine a location specification:

« [Position] <xval yval zval>

o Last

o [At] {Node|Vertex} <id list>

e [On] Curve <id_list> [location on curve options]

e [On] Surface <id _list> [Close To | At Location {options} | CENTER]

e [On] Plane <options> [Close To | At Location {options}]

e Center Curve <id_list>

o Extrema {Curve|Surface|Volume|Body|Group} <range> [Direction] {options}
[Direction {options}] [Direction {options}]

o Fire Ray Location {options} Direction {options} At
{Body|Volume|Surface|Curve|Vertex} <ids> [Maximum Hits <val>] [Ray Radius
<val>]

o Between { Location <options> Location <options>} | { Location <options> Project
{Curve|Surface} <id> } [Stop] [Fraction <val>] }

« [Move [all] {<xval yval zval> | {Dx|X|Dy|Y|Dz|Z} <val> | Direction {options}
Distance <val>} ]

« [Swing [all] [About] Axis {options} Angle <ang>]

e Multiple Location Specification

Position (XYZ values)

[Position] <xval yval zval>

The most basic way to specify a location is to just give the xyz values of the location. In
this case the following two commands both draw a location at the coordinates (1, 2, 3),

as the Position keyword is optional:

draw location position 12 3
draw location 12 3

Last Location Used in a Command
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Last

The last option recalls the last location used in a command. For example, if the following
command is entered after the above position commands a location would be drawn at the
position (1, 2, 3).

draw location last

Last locations do not carry over from CUBIT session to CUBIT session. The last location
defaults to (0, 0, 0) if no location has been used during the session.

Node or Vertex

[At] {Node|Vertex} <id_list>

Referring to a node or vertex simply returns the coordinates of that node or vertex. The
command can also handle multiple locations where multiple locations are needed to
complete the command string. The following draws a location at the coordinates of Vertex
)

draw location vertex 5

On a Curve

Various options are available to specify a location on a curve. See the section Specifying
a Location On a Curve for details.

On a Surface

[On] Surface <id_list> [Close_To | At Location {options} | CENTER]

If a surface is used to specify a location without other options, the geometrical center of
the surface is found (the center keyword is optional - the default). Otherwise, you can
specify another general location and that location is projected to the surface. For example,
the following command will draw the location that is position (5,0,0) projected to surface
1:

draw location on surface 1 location 500

Any valid location options listed on this page can be used to specify the location that is
projected to the surface.

On a Plane

[On] Plane <options> [Close_To | At Location {options}]
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A location can be defined at the closest point on a plane to a location. See Specifying a
Plane for plane options.

Center

Center Curve <id_list>

Finds the center of an arc - an error is returned if the curve is not an arc.
Extrema

Extrema {Curve|Surface|Volume|Body|Group} <range> [Direction] {options}
[Direction {options}] [Direction {options}]

The extrema option returns the location of the maximum value, on the specified entity or
group, in the specified direction. For example, the following places a vertex on a surface
at the point of maximum y-axis value.

create vertex location extrema surf 1 direction y
Fire Ray

The fire ray command allows a user to identify a location, or set of locations, on an object
by firing a ray at the object and determining the intersections. A ray can be fired at a list
of bodies, volumes, surfaces, curves, or vertices. The fire ray command is:

Fire Ray Location {options} Direction {options} At
{Body|Volume|Surface|Curve|Vertex} <ids> [Maximum Hits <val>] [Ray Radius
<val>]

The location options are described on this page. The direction options are described
under Specifying a Direction. The user can specify the maximum number of hits that he
wishes to receive back from the command. If this value is omitted, the command will
return all intersections found. When firing a ray at a curve, a ray radius must be used. The
ray radius is the distance from the curve the ray must be to be considered a "hit." If no
ray radius is used, the geometry engine default is used.

Between

Between {Location <options> Location <options> } | {Location <options>
Project {Curve|Surface} <range>} [Stop] [Fraction <val>]}

The between option finds a location that is between two locations or a location and an
entity. An optional fraction can be given to specify the fractional distance from the first
location to the second location or entity. For example, the following will draw a location at
(5,0, 0):
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draw location between location 0 0 0 location 1000

The following will draw a location at (2.5, 0, 0) - 25% of the distance from (0, 0, 0) to (10,
0, 0):

draw location between location 0 0 0 location 10 0 O fraction .25
The second item can be an entity:

draw location between location 0 0 O vertex 2
draw location between location 0 0 0 surface 1

In the second case, location (0, 0, 0) is projected to surface 1, then the location that is
between (0, 0, 0) and the projected location is found.

Of course, any valid location can be used in the command. In the following example a
location at the top center of the brick is found:

brick x 10
draw location between location bet vert 3 vert 2
location bet vert 8 vert 5

The first location is between vertices 3 and 2, and the second location is between vertices
8 and 5.

Note: you can "swing" a location about an axis, "rotate” a direction about another
direction, "revolve" an axis about another axis and "spin" a plane about an axis. The only
reason Cubit needs to use different keywords for each entity type is because the Cubit
command language does not support expressions (as in using parentheses). The
keyword stop is also used in the location/direction/axis/plane parsing as a partial
workaround to this limitation. Using this stop keyword will aid in parsing out extended
location specifications. Insert a stop after the first location to let the parser know that
where the specifications begin and end.

Move

Move [All] { <xval yval zval> | {Dx|X|Dy|Y|Dz|Z} <val> | Direction {options}
Distance <val>}

Any location can be optionally moved either a xyz distance or a certain distance in a given
direction. As many moves as desired can be strung together. For example, the following
will return a location at (5, 0, 0):

draw location 0 0 0 move 500

These examples add another move that basically moves the location (5, 0, 0) in a direction

45 degrees up and to the right a distance of 10 (all three commands are equivalent - see
sections on directions and rotations):
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draw location 0 0 0 move 5 0 0 move {10*sind(45)} {10*sind(45)} O

draw location 0 0 0 move 5 0 0 move direction 1 1 0 distance 10

draw location 0 0 0 move 5 0 0 move direction 1 0 O rotate about 0 0 1 angle 45
dist 10

Swing
Swing [All] [About] Axis {options} Angle <ang>

Any location can be "swung" (rotated) about an axis by a certain angle. (See the section
on specifying an axis for the axis syntax). As with moves, multiple swings can be strung
together. The following example rotates the location (2.5, 5, 5) thirty degrees about an
axis defined by Curve 11. Note that the right-hand rule is used to determine the direction
of the swing about the axis.

draw location 2.5 5 5 swing about axis curve 11 angle 30

Axig=Curve 11

. (start) (2.5, 3,5

Figure 1 - Swinging a Location

Multiple Location Specification

Location {options} Location {options}...

Multiple location specifications can be used in a single command. For example, the
following command uses several locations to create a spline curve at points (0,0,0),
(1,2,3), (4,5,6), and (7,8,9).

create curve spline location 0 0 0 location 1 2 3 location 4 5 6 location 7 8 9

Previewing a Location

Sometimes it is advantageous to preview a location before using it in a command. A
location can be previewed with the Draw command. All of the options that can be used to
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specify locations in a command can be used to preview locations as well. See above for
a description of these options. The command syntax is:

Draw Location {options}

Specifying a Location on a Curve

Some commands require you to specify a location on a curve (i.e., webcutting with a
plane normal to a curve). The following are the options for specifying a location (or
locations in the case of the segment option) on a curve:

« {MIDPOINT|Start|End}

e Center

e Fraction <val 0.0 to 1.0> [From Vertex <id> | Start|End]

o Distance <val> [From {Vertex|Curve|Surface} <id> | Start | End ]

e {{Close To|At} Location {options} | Position <xval><yval><zval> | {Node|Vertex}
<id>}

« Extrema [Direction] {options} [Direction {options}] [Direction {options}]

e Segment <num_segs>

e Crossing {Curve|Surface} <id list> [Bounded|Near]}

e Previewing a Location

Center
center

The center option helps in identifying the location at the center of a given arc. Example:
create vertex center curve 3

Start, Midpoint, or End
{ MIDPOINT | Start | End |

These options simply specify the location that is the midpoint, start or end point of a curve.
By default, the midpoint is the understood location unless another location is specified.

Fraction

Fraction <val 0.0 to 1.0> [From Vertex <id> | Start|End] |

The fraction option simply finds the location that is a fractional distance along the curve.
By default, the fraction references the start of the curve; however, you can optionally
specify which vertex to reference from.

Distance

Distance <d> [From {Vertex|Curve|Surface} <id> | Start | End ] |
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The distance option not only can find a location that is a certain distance along the curve
from the start or end of the curve, but can also find a location (or locations if there is more
than one solution) on a curve that is a specified distance from another curve or a surface.
If the From Curve option is used both curves must lie in the same plane.

draw location on curve 13 distance 7 from curve 2

Curve 2

Cure 13
Distance = 7.0 ¢

. Resultant
Location

Figure 1 - Location on a Curve a Distance from Another Curve
{Close_To|At} Location

{{Close_To|At} Location {options} | Position <xval><yval><zval>
[{Node|Vertex} <id>} |

These options take a location closest to the location on the curve.
Extrema
Extrema [Direction] {options} [Direction {options}] [Direction {options}]

The extrema option finds the maximum value location along a curve in a specified
direction. For example:

create vertex location on curve 1 extrema ny

Creates a vertex on curve 1 at the location where the y axis value of the curve is at a
minimum.

Segment
Segment <num_segs>

The segment option finds locations spaced evenly along the curve such as to break the
curve into equal length "segments" (of course the curve is not modified). You must specify
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a minimum of two segments (if two segments were specified a location would be found
at the center of the curve). The following example results in 4 locations:

draw location on curve 1 segment 5

create vertex on curve 1 segment 5

Figure 2 - Five Segments on a Curve
Crossing
Crossing {Curve|Surface} <id_list> [Bounded|Near]}

The crossing option finds locations at the intersection of the curve and another curve or
surface. By default, the curve(s) and surface are extended to infinity and the intersections
are calculated; if the bounded option is specified only intersections that lie on the bounded
entities will be returned. The near option is valid only for two linear curves. If near is
specified the nearest location between the two linear curves will be returned.

Previewing a Location on a Curve

A location on a curve can be previewed with the Draw command. All of the options that
can be used for specifying a location on a curve can be used to preview a location on a
curve. See above for a description of these options. The command syntax is:

Draw Location On Curve <curve id> {options}

Specifying a Plane

Some commands require a specified plane (such as sweep curve target) for the
command. The following options determine a plane specification:

o {Location|Vertex|Node} <origin> Direction <normal>

« {Location|Vertex|Node} <origin> Direction <vec on plane> Direction <vec on
plane>

« {Location|Vertex|Node} <2 locations> Direction <vector on the plane>

o {Location|Vertex|Node} <3 locations>

e Surface <id> [at location <loc>]

e [Normal To] Curve <id> [loc on curve options]
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« Direction <Normal> Coefficient <val>

e Arc Curve <id>

e Linear Curve <id> <id>

o« X[Xplane|Yz|Zy|Y|Yplane|Zx|Xz|Z]|Zplane|Xy|YX
e Last

The following options apply to all of the plane specifications listed above:

[Offset <val>]
o [Move { <xval yval zval> | {Dx|X|DylY|Dz|Z} <val> | Direction {options} [Distance

<val>]]
e [[To] Location {optionsY
o [Spin [About] Axis {options} Angle <ang>]]

Location and Normal Vector
{Location|Vertex|Node} <origin> Direction <normal>
The first way to specify a plane is to specify a starting point and a direction vector:

draw plane location 1 2 3 direction 011
draw plane vertex 1 direction tangent at curve 1

Figure 1. Specifying a plane with a location and surface normal

To see the options for location specification, see Specifying a Location. Direction options
can be found at Specifying a Direction.

Location and Two Vectors on the Plane

{Location|Vertex|Node} <origin> Direction <vec on plane> Direction <vec on
plane>

It is also possible to select an origin point and 2 direction vectors on the plane.
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Figure 2. Specifying a plane with a point and 2 in-plane vectors
Two Locations and Vector on the Plane
{Location|Vertex|Node} <2 locations> Direction <vector on the plane>

You can also specify 2 locations and 1 direction on the plane to define the plane.
draw plane vertex 1 2 direction01 1

Figure 3. Specifying 2 locations and 1 direction on the plane
Three Points on the Plane
{Location|Vertex|Node} <3 locations>
A plane can be defined by three locations, vertices, or nodes. The locations are specified
using Location Specification.

draw plane vertex 1 2 3
draw plane vertex 1 2 location 345
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Figure 4. A plane specified by three points
Plane defined by a Surface
Surface <id> [At Location <loc>]
The surface option uses and existing surface to define the plane. If it is not a planar
surface, the optional location specifier can be used to find the tangent plane of a specific

point on the surface.
draw plane surface 1 at location4 00

Figure 5. Specifying a Tangent plane to a Surface

Plane Normal to a Curve
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[Normal To] Curve <id> [loc on curve options]

The Normal to Curve option allows you to define a plane by using an existing curve. The
direction of the curve will define the surface normal of the new plane. The optional location
argument specifies which point to use on the curve if it is not a straight curve. If no location
is specified the plane will originate at the midpoint of the curve. See Specifying a Location
on a Curve for more information on location options.

brick X 10
cylinder radius 3 z 12
subtract body 2 from 1
webcut body 1 xplane

draw plane normal to curve 30

Figure 6. Draw Plane Normal to Curve

Plane Defined by a Non-linear curve

Arc Curve <id>

A plane can be defined by a single curve, provided that curve is not linear.

cylinder height 12 radius 3
draw plane arc curve 2

Plane Defined by a two linear curves

Linear Curve <id> <id>

A plane can be defined by a two linear curves, provided that the curves are not co-linear.

brick X 10
draw plane linear curve 2 3
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Normal Vector and Coefficient
Direction <Normal> Coefficient <val>

The direction and coefficient option allows you to specify a plane based on a vector and
an offset from the origin. The Coefficient argument specifies how far to offset the plane
from the origin

draw plane direction 1 2 3 coefficient 3

Coordinate Plane
X|Xplane|Yz|Zy|Y|Yplane|Zx|Xz|Z|Zplane|Xy|YXx

A plane can be defined from any coordinate plane or combination thereof. The coordinate
planes will pass through the origin unless optional specifiers are included.

draw plane xplane
webcut volume 1 plane xz

Last Location Used
Last

The last option will return the plane most recently used in a command. Last locations do
not carry over from CUBIT session to CUBIT session. The last location defaults to (0, O,
0) if no location has been used during the session.

The following options apply to all of the plane specification methods described above.

» [Offset <val>]

e [Move {<xval yval zval>| {Dx|X|Dy|Y|Dz|Z} <val> | Direction {options}
[Distance <val>]]

e [[To] Location {options}]

o [Spin [About] Axis {options} Angle <ang>]]

A offset value will offset the plane in the direction of the surface normal.

The move option will displace the plane in the specified directions by the specified
distance. The direction options are outlined on Specifying a Direction.

The location option will move the plane to a specified location without rotating it. See
Specifying a Location for location options.

The spin option will rotate the plane around an axis. See Specifying an Axis for axis
options.

Previewing a Plane

The ability to preview a plane prior to creating the plane or using it in a command is
possible with the following commands:
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Draw Plane (options) [Graphics | {[Intersecting] {Body|Volume} <id_range>] |
[Extended] {Percentage|Absolute} <val>]}] [Color ‘color_name’]

The options for specifying a plane are described above in the section on Plane
Specification. By default, the commands draw the plane just large enough to intersect the
bounding box of the entire model with minimum surface area. Optionally, you can give a
list of bodies to intersect for this calculation. You can also extend the size of the surface
by either a percentage distance or an absolute distance of the minimum area size. The
default color is blue, but you can specify a different one. See the Appendix of the CUBIT
Users Guide for available colors in CUBIT.

Preview a Cylindrical Plane
The ability to preview a cylindrical plane is possible with the following command:

Draw Cylinder Radius <val> Axis {x|y|z|Vertex <id_1> Vertex <id_2> | <xyz
values>} [Center <x_val> <y val> <z_val>] [[Intersecting] Body <id_range>]
[Extended Percentage|Absolute <val>] [Color ‘color_name']

The cylinder is defined by a radius and the cylinder axis. The axis is specified as a line
corresponding to a coordinate axis, the normal to a specified surface, two arbitrary points,
or an arbitrary point and the origin. The center point through which the cylinder axis
passes can also be specified.

By default, the commands draw the cylinder just large enough to just intersect the
bounding box of the entire model. Optionally, you can give a list of bodies to intersect for
this calculation. You can also extend the length of the cylinder by either a percentage
distance or an absolute distance of the cylinder length. The default color is blue, but you
can specify a different one. See the Appendix of the CUBIT Users Guide for available
colors in CUBIT.

listing information

Listing Information

The List commands print information about the current model and session. There are five
general areas: Model Summary, Geometry, Mesh, Special Entities, and CUBIT
Environment. The descriptions of these areas includes example output based on the
model generated by a journal file listed below. The model consists of a 1x2x3 brick
meshed with element size 0.1.

List Model Summary
List Geometry

List Mesh

List Special Entities

List CUBIT Environment

Journal File Used for List Examples
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brick X 1 y 2 z 3
body 1 size 0.1
mesh volume 1
block 1 volume 1
nodeset 1 surface 1
sideset 1 surface 2
group "my_surfaces" add surface 1 to 3
surface 2 name "BackSurface"
surface 3 name "BottomSurface"
surface 1 name "FrontSurface"
surface 4 name "LeftSurface"
surface 5 name "RightSurface"

surface 6 name "TopSurface"

List Cubit Environment
The user may list information about the current CUBIT environment such as message
output settings, memory usage, and graphics settings.

Message Output Settings
There are several major categories of CUBIT messages.
e Info (Information) messages tell the user about normal events, such as the id of a newly
created body, or the completion of a meshing algorithm.
« Warning messages signal unusual events that are potential problems.
o Error messages signal either user error, such as syntax errors, or the failure of some
operation, such as the failure to mesh a surface.
o Echo messages tell the user what was journaled.
o Debug messages tell developers about algorithm progress. There are many types of
Debug messages, each one concentrating on a different aspect of CUBIT.
By default, Info, Warning, Error, and Echo messages are printed, and Debug messages
are not printed. Information, Warning, Debug, and Echo message printing can be turned
on or off (or toggled) with a set command; error messages are always printed. Debugging
output can also be redirected to a file. Current message printing settings can be listed.
List {EcholInfo|Errors|Warning|Debug}
Set Echo [On|Off]
Set {Info|Warning} [On|Off] [logging]
[Set] Debug <index> [On|Off]

[Set] Debug <index> File <'filename'>
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[Set] Debug <index> Terminal

Message flags can also be set using command line options:

-warning {on|off}

-information {on|off}

Debug flags can be enabled from the command line with

-debug <setting>

where <setting> is a comma-separated list of integers or ranges of integers denoting
;vgic;fl&gs to turn on. E.g., to set debug flags 1, 3, and 8 to 10 on, the syntax is -debug

Logging Output to a File

Output from CUBIT can be redirected to a log file, and the current state of logging can be
listed.

[Set] Logging {Off|On File <'filename'> [Resume]}

List Logging

If logging is enabled, by default any output to the console or command window will also
go into the logging file. The resume option will append to the logdfile, if it exists, instead of
emptying the file. If the logfile doesn't already exist, it will be created.

Output of information and warning messages to the logging file can be controlled
independent of console output settings by adding the logging option to the set
{info|warning} [on|off] logging command.

Default Block Creation

Set Default Block {ON|off|[Volume|Surface|Curve]}

List Default Block

The set Default Block command will toggle whether or not default blocks are written
during the export operation if no other blocks have been specified. The List Default Block
command lists the geometric entity types for which blocks will automatically be generated
at export.

Journaling Settings

List Journal
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The List Journal command lists which types of CUBIT commands will be journaled and
the file to which the journaled commands are being written.

Exodus Export Title
List Title
Title "<title_string>"

The List Title command will list the title to be written to an Exodus file on export. To
assign a title to an Exodus file, use the Title command.

Listing Current Settings
List Settings

The List Settings command lists the value of all the message flags, journal file and echo
settings, as well as additional information. The first section lists a short description of each
debug flag and its current setting. Other message settings are listed next, followed by
some flags affecting algorithm behavior.

Sample output

CUBIT> list settings
Debug Flag Settings (flag number, setting, output to, description):

1 OFF terminal Debug Graphics toggle for some debug options.
2 OFF terminal Whisker weaving information
3 OFF terminal Timing information for 3D Meshing routines.
4 OFF terminal Graphics Debugging (DrawingTool)
5 OFF terminal FastQ debugging
6 OFF terminal Submapping graphics debugging
7 OFF terminal Knife progress whisker weaving information
8 OFF terminal Mapping Face debug / Linear Programming debug
9 OFF terminal Paver Debugging

echo = On

info = On

journal = On

journal graphics = Off

journal names = On

journal aprepro = On

journal file = 'cubitll.jou'

warning = On

logging = Off

recording = Off

keep invalid mesh = Off

default names = Off

default block = Volumes

catch interrupt = On

name replacement character = ' ', suffix character = '@'

Matching Intervals is fast, TRGE;
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multiple curves will be fixed per iteration.

Note in rare cases 'slow', FALSE, may produce better meshes.
Match Intervals rounding is FALSE;

intervals will be rounded towards the user-specified intervals.

Graphical Display Information
List View

List view prints the current graphics view and mode parameters; See Graphics Window

Memory Usage Information

Users are encouraged to use Unix commands such as “top' to check total CUBIT memory
use. Developers may check internal memory usage with the following command:

List Memory [ <object type>']
Without an object type, the command prints memory use for all types of objects.

List Geometry

The following commands list information about the geometry of the model.

List Names [Group|Body|Volume|Surface|Curve|Vertex|All]

List {Group|Body|Volume|Surface|Curve|Vertex} <range> [lds]

List {geom_list} [Geometry|Mesh [Detail]]

List {Group|Body|Volume|Surface|Curve|Vertex} <range> {X|Y|Z}

The first command lists the names in use, and the entity type and id corresponding to
each name. Specifying all lists names for all types; other options list names for a specific
entity type. The names for an individual entity can be obtained by listing just that entity.
Sample output from the list names surface command is shown below. This output shows
that, for example, Surface 2 has the name * BackSurface '.

Name __Type Id _Propagated_
BackSurface Surface 2 No
BottomSurface Surface 3 No
FrontSurface Surface 1 No
LeftSurface Surface 4 No
RightSurface Surface 5 No
TopSurface Surface 6 No

List Names Example
The second command provides information on the number of entities in the model and
their identification numbers. If a range is given then detailed information is given on each
entity in that range, unless the ids option is also given. If the ids option is used, just a list
of ids is printed. This list can be very useful for large models in which several geometry
decomposition operations have performed. Sample output from the list surface command
is shown below.
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CUBIT> list surface ids
The 6 surface ids are 1 to 6.
CUBIT> list surf ids

The 108 surface ids are 192 to 266, 268 to 271, 273 to 301.
List Surface [range] Ids' Examples

The <range> can be very general using the general entity parsing syntax. Using a
<range> gives a brief synopsis of the local connectivity of the model, e.g. one can list the
ids of the surfaces containing vertex 2; as shown in the listing below.. An intermediately
detailed synopsis can be obtained by placing the range of entities in a group, then listing

the group.
CUBIT> list surface in vertex 2 ids
The 3 entity ids are 1, 5, 6.
CuBIT> group "v2_surfs" equals surface in vertex 2
CuBIT> list v2_surfs Group Entity 'v2_surfs' (Id = 3)
It owns/encloses 3 entities: 3 surfaces.
Owned Entities: Mesh Scheme Interval: Edge
Name Type Id +is meshed Count Size
FrontSurface Surface 1 map+ 1 H 0.1
TopSurface Surface 6 map+ 1 H 0.1

RightSurface Surface 5 map+ 1H 0.1
Using 'List" for Querying Connectivity.

The third command provides detailed information for each of the specific entities. This
information includes the entity's name and id, its meshing scheme and how that scheme
was selected, whether it is meshed and other meshing parameters such as smooth
scheme, interval size and count. The entity's connectivity is summarized by a table of the
entity's subentities and a list of the entity's superentities. Also, the nodesets, sidesets,
blocks, and groups containing the entity are listed.

Specifying geometry will additionally list the extent of the entity's geometric bounding
box, the geometric size of the entity, and depending on entity type, other information such
as surface normal. See also the list {entities} x command below. If multiple volumes,
surfaces, or curves are selected, it will list the total volume, area, or length of all entities,
and the total geometric bounding box. If multiple volumes are selected, the centroid listed
will be the composite centroid of the all of the volumes.

Specifying mesh will additionally list the number of mesh entities of each type interior to
the entity and on bounding subentities. Mesh detail will list the ids of the mesh entities
as well, following the format of the list ids command above.

The fourth command lists the entities sorted by either the x, y, or z coordinate of their
geometric center. For example, in a large, basically cylindrical model centered around z-
axis, it is useful to list the surfaces of a volume sorted by z to identify the source and
target sweeping surfaces.

List Mesh
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The following commands list mesh entity information.

List {Hex|Face|Edge|Node} <id_range>

List {Hex|Face|Edge|Node} <id_range> IDs

For both of these commands, the range can be very general, following the general entity
parsing syntax. The first command provides detailed information. For an entity, the
information includes its id, owning geometry, subentities and superentities. For a hex, the

Exodus Id is also listed. For a node, its coordinates are listed. The second command just
lists the entity ids, and is usually used in conjunction with complex ranges.

List Model Summary

The following commands print identical summaries of the model: the number of entities
of each geometric, mesh, and special type

List Model

List Totals

The following output is generated from the list model command.
CUBIT> list model

Model Entity Totals:
Geometric Entities:
0 assemblies
0 parts
2 groups
1 bodies
1 volumes
6 surfaces
12 curves
8 vertices
Mesh Entities:
6000 hexes
0 pyramids
0 tets
7876 faces
0 tris
9854 edges
7161 nodes
Special Entities:
1 element blocks
1 sidesets

1 nodesets

Journaled Command: list model
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List Special Entities
List {special_type} <range>

Special entities include (element) blocks, sidesets and nodesets (representing boundary
conditions). Like the list geometry and list mesh commands, if no range is specified
then the number of entities of the given type is summarized. Otherwise, listing a special
entity prints the mesh and geometry it contains.

(Some special entities are of interest mainly to developers and are not described here,
e.g. whisker sheets, and whisker hexes.)

gui

Graphical User Interface

« CUBIT Application Window
o Control Panel

e Graphics Window

e Model Tree

e« Power Tools

o Property Editor

e Command Line Workspace
« Journal File Editor

e Toolbars

e Drop-Down Menus

The graphical user interface (GUI) can improve user productivity. It provides an easy way
to control CUBIT without learning command syntax. Many geometry commands are faster
and easier with the GUI. The underlying GUI components are constructed using a cross-
platform development environment. As such, the GUI will behave similarly across all
platforms supported by Cubit, yet each GUI will make use of platform specific widgets.
The GUI is built on top of the CUBIT command line. This means that GUI actions are
translated to a CUBIT command-line string and journaled. Users familiar with command-
line syntax can enter the same text in the GUI command-line window. Journal files can
be created and played back in both environments with the same results. Although many
things are faster and easier in the GUI, experienced users often use a combination of
command line text and GUI button operations.

The discussion of the Graphical User Interface and its features is based on the basic
windows contained within the CUBIT GUI Application Window. These are outlined in the
subtopics listed above.

A full graphical user interface (GUI) with the standard look and feel consistent with major
platforms is available on all supported Cubit platforms. The GUI version can improve
productivity, making new users aware of the wide range of CUBIT capabilities, and freeing
new and experienced users from having to remember esoteric syntax. The GUI and non-
GUI versions create and play back identical journal files, making it easier to switch from
one environment to the other.
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tree view

Model Tree

The model tree provides a complete graphical hierarchical representation of the parent child
relationship of all geometric entities. The tree is populated as the model is constructed by Cubit.
In addition to showing a hierarchy of geometric entities, the tree also shows active Groups,
Boundary Layers, and active Boundary Condition entities.

The tree works directly with the graphics window and picking. Selecting an entity in the
tree will select the same entity in the graphics window. Selecting an entity in the graphics
window will highlight the tree entry if that entry is currently visible. If an entity's visibility is
turned off, the icon next to that entity in the geometry tree will disappear.

If the tree entry is not visible the user may press the Find button located at the bottom of
the tree. The first occurrence of the selected entity will be shown on the tree.

Virtual entities have a small (v) after the name to indicate that they are virtual entities.
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Current View | Full Tres
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» T Volume 1 1

> @ Volume 2 (V) 2

> T Volume 3 3
4
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> T Volume 4
v @ Volume 5
> % Surface 92 92
» 9 Surface 93 93
> ¥ Surface 94 94
» %% Surface 95 95
> % Surface 96 36
» 9 Surface 97 97
> T Volume 6 ]
» " Free Curves
# 4 Groups
V% Boundary Conditions
> & CFD
wi=g FEA
,; Forces
é.z,, Accelerations
=f-.":, Velocities
E Pressures
i Temperatures
= Displacements
32- Constraints
@ Convections
lll) Heat Fluxes

= Contact Regions

— Contact Pairs

VQ Materials
Q FEA Materials
@ CFD Media

3 Blocks

i Side Sets

]f:{’ Mode Sets

kL Boundary Layers

Surface 42 a

Figure 1. Geometry Tree Window

Environment Control
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Drag and Drop

The Tree View window supports drag and drop of geometric entities into existing
boundary condition sets. To create boundary conditions, see the Materials and Properties
menu on the main control panel, or right-click on one of the boundary condition labels and
select the "Create New" option from the context menu. Geometric entities or groups can
be added to blocks, nodesets, or sidesets by dragging and dropping inside the tree view
window.

Picked Group

The current selections in the graphics window can be added to a "picked group" by
selecting the "Add to Picked Group" from the Right click menu. Selections can also be
added to the picked group by dragging and dropping onto the group from the geometry
tree window. The picked group can be substituted into any commands that use groups.
To remove an item from the picked group, use the "Remove from Group" option in the
right click menu in the geometry tree or from the graphics window.

Model Tree n

Current Views | Full Tree -

Mame Id

P Volumes
¢~ Free Curves
WL Groups
W ) picked 1
P Volume 1 1
% Surface 54 54
% Surface 57 57
% Boundary Conditions
v Ay Materials
@ FEA Materials
i@ CFD Media
ﬁ Blocks
HE Side Sets
}:{ Mode Sets

BE Boundary Layers

Surface 54 a

Figure 2. Picked Group
Right-Click Menu Functions
The geometry tree's context menu is sensitive to the type of item and the number of

items selected. Functions that apply to the item type and number of selected items
are available from the context menu. These include the following:
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Zoom To - Available for all geometric entities

Rotate About - Change the center of rotation to the centroid of the entity without
zooming

Fly-In - Animated zoom feature

Locate - Labels the selected entity in the graphics window

Draw - Draw this entity by itself.

Isolate - Similar to Draw command, but the display will not be refreshed with a graphics
reset. To redisplay the model, select All Visible from the graphics window right-click
menu.

Transparency On/Off - Toggles transparency mode

Visibility On/Off - Toggles visibility

Rename - Allows you to rename entities from the tree. Clicking on a highlighted entity
in the tree will do the same thing. This will also work for boundary condition entities
(blocks, nodesets and sidesets)

Mesh - Mesh selected entity at current settings.

Delete Mesh - Available for meshed entities

Reset Entity - Deletes mesh, and returns all settings to default values.

Delete - Available when VVolumes and Groups are selected.

Measure - Available when two entities are selected or 1 curve is selected

Refresh Full Tree - Used to return to main tree

Collapse Tree - Available when entities are selected.

View Descendants/Ancestors - Show this entity's individual hierarchy. Use the Refresh
Full Tree option to return to main tree view.

View Neighbors View adjacent entities. Use the Refresh Full Tree option to return to the
main tree view.

Create New Volume - Available when the user right-clicks over the Volumes (parent)
label. Opens the geometry-volume-create panel

Import Geometry - Available when the user right-clicks over the Volumes (parent)
label. Opens import dialog.

Create New Group - Available when the user right-clicks over the Groups (parent) label.
Clean Out Group - Available when groups are selected. Removes all entities from
group.

Remove from Group - Available when groups are selected. Removes selected entity
from the group.

Add Selected to Block/Nodeset/Sideset - Add the selected entity in the graphics window
to the chosen block, nodeset, or sideset in the geometry tree.

Delete Selected from Block/Nodeset/Sideset - Delete the selected entity in the graphics
window from the chosen block, nodeset, or sideset in the geometry tree.

Create New Block/Sideset/Nodeset - Available when the user right-clicks over the
respective Boundary Conditions (parent) label.

Create New <boundary condition> - Available when highlighting desired boundary
condition in the tree including CFD and FEA boundary conditions.

Draw Block/Sideset/Nodeset - Draws the selected block/nodeset/sideset on top of
existing entities

Draw Sideset/Nodeset Only - Draws the selected nodeset/sideset independent of other
entities
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o Delete Selected Boundary Condition - Deletes any selected boundary conditions

o Draw Selected Boundary Condition - Draws selected boundary condition by itself

o Draw Selected Boundary Condition (Add) - Draws multiple boundary conditions

o List Selected Boundary Condition - Lists information about selected boundary
conditions in the command line window

« Remove from Block/Sideset/Nodeset - Removes selected entity from the specified
block, sideset or nodeset

e Cleanup (Tets) - Issues cleanup command for selected block. Only applicable for blocks
composed of tet elements

e Remesh (Tets) - Issues remesh command for selected block. Only applicable for blocks
composed of tet elements

o List Info - List information about selected entity in the output window.

Power Tools

The power tools contain useful tools to help users through the mesh generation process.
The Immersive Topology Environment for Meshing, also known as ITEM. This panel
contains a wizard-like environment which guides the user through the mesh generation
process through a series of panels and diagnostics. The geometry repair and analysis
tools contains diagnostics and tools for analyzing and repairing geometry, although many
of these can now be found in the ITEM environment as well. The mesh quality and
meshing power tools aid in mesh generation and verification. The geometry and mesh
comparison tool identifies correlation between existing geometry and mesh. The
defeaturing tool assists users with defeaturing geometry in a more automated fashion.
The assemblies tool help users manage assemblies, parts and related metadata.
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Power Tools n
¢ & @ 2 A @« &

O—
O —

O

Tasks

N

Import or
Create
Geometry

&

Setup FEA
Model

&

Prepare
Geometry

Mesh

?

Validate
Mesh

2
Define
BC's

Export
Mesh

Task Description _ﬁ .ﬂ

Create your finite element mesh by dicking on the links
below. Clicking a link displays tools and instructions for
completing that step.

Import or create geometry

Setup the FEA model

Prepare geometry
Mesh the geometry

Validate the mesh

Define boundary conditions

Export the mesh

How to Use the ITEM Wizard

Guide to Meshing in ITTEM

Figure 1. Power Tools Window

e Immersive Topology Environment for Meshing (ITEM)

¢ Geometry Analysis and Repair Tools

o Machine Learning Tools

¢ Meshing Tools

e Mesh Quality Tools

o Defeaturing Tool

¢ Geometry/Mesh Comparison Tool

e Assemblies Tool

To familiarize yourself with the power tools environment (excluding ITEM), we
recommend that you try the power tools tutorial.
To familiarize yourself with ITEM wizard, we recommend that you try the ITEM tutorial.
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Geometry Power Tools

06 Power Tools [x]] Power Tools
v e 2 L] a v  EEA e 2 a &
P Volume ID(s) all
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® Options... Analyze Auto Update Threshold Values
Show Solutions Bad Angle 102
Name v | Data Chamfer Thickness 0.213091
v Small Features tend Radi
» Small Curves (4) Length e e 0213091
» Small Surfaces (6) Area Hole Radius 0.213091
v Bad Angles )
Cavity/Hole As
» Bad Vertex Angles (4) Angle b Acees 9.08153
» Bad Curve Angles (2) Angle Volume Gap 0.0213091
" T?ngentlal Intersections (5} Area Tolerant Imprint 0.0005 Estimate Tol.
v Traits
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Tangential Intersections
v Traits
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Chamfer Chains
Blend Chains
Holes
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Cone Surfaces
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Volume Gaps
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Volume Contacts
Real Virtual Mergeable Geometry
f o =
masME FINHNT P
R %l B’ 'ﬁ Select All Select None Done
Command Panel m Command Panel w
Figure 1. Geometry power tools Figure 2. Geometry power tools options

The geometry power tools, shown in Figure 1. are located on the Tree View window under
the blue geometry tab. The Geometry Power Tool provides several diagnostic tests to
identify and repair problems in your CAD model prior to meshing including machine
learning-based diagnostics and solutions.

Diagnostic tests include:

e Small Features: Small curves and surfaces and volumes

o Bad Angles: Near tangent angles at curves and vertices

o Geometric Traits: Identifies common geometric traits such as holes, blends,
chamfers, etc.

o Assembly Checks: Gaps, overlaps and misalignments between multiple parts

« Beams and Shells: Tools for beam and shell modeling

o Tetmesh Poor Quality Predictions: Machine learning tool to predict poor quality
tet mesh
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Part Classification: Machine learning tool to classify parts into common
meechanisms

This tool analyzes geometry for various characteristics that may affect meshing outcomes
and aid in simplification and defeaturing. It also contains a powerful toolkit of geometry
modification methods to fix these problems. Many of the common geometry clean-up tools
are available from this tool without the need to search through the command panels for
relevant operations.

The geometry power tool includes a window that lists results from geometry analysis in a
tree format. In addition, a solution window can be displayed that will display specific
suggested geometry solutions for the currently selected entity.

Suggested Usage

The following is a suggested workflow for using the geometry power tool:

1.

Enter volumes to analyze: Enter or pick the volume IDs you wish to analyze in
the field labeled Volume ID(s). By default, all volumes will be analyzed. For large
or complex assemblies, consider selecting only a few volumes at a time to avoid
long analysis times.

Enter a small curve threshold: The value entered in the field labeled Small
Curve Threshold defines the basis for what is considered "small" for most
geometry tests. If Cubit already has more than one volume defined, a default
value for small curve threshold will be computed as 0.25*mesh_size. To update
the default small curve threshold for the current volumes, select the Auto
button. If no mesh size is currently defined, an autosize factor of 2.5 will be used
to compute a mesh size. (Equivalent to vol all size auto factor 2.5)

Select diagnostics to perform: Selecting the Options... button will display a list
of available diagnostics grouped by category, as shown in Figure 2. By default all
diagnostics are selected. Some diagnostics may not apply to specific geometry,
or may only need to be run once per geometry. To avoid long analysis times,
select only diagnostics that are relevant for your current problem scope. Clicking
on the box by each test will select or deselect it. Categories of diagnostics may
also be selected or deselected in a similar manner. All diagnostics may be
selected or deseleted using the Select All and Select None buttons at the
bottom of the panel. Threshold values used for some of the diagnostics can also
be entered, including bad angle, chamfer thickness, blend or hole radius, cavity
area and volume gap thresholds. Details on each of the diagnostics are
described below. Select the Done button to return to the main Geometry power
tool panel.

Analyze the geometry: Click the Analyze button to initiate an analysis of the
selected diagnostics. The time taken for analysis will vary based on the number
and complexity of volumes and the diagnostics selected.

Select an entity to examine: Once analysis is complete, the results will appear
in the main window of the geometry power tool panel in the form of an
expandable lists categorized by the selected diagnostics. Items in the list
correspond to the selected tests. Expanding a list will display an ordered sub-list
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of geometry entities that have been identified by the test. Selecting one or more
entities in one of the lists will also highlight the entities in the graphics window.
Use shift-click or command/ctrl-click to select multiple entities in the list. Use the
context menu (right click) to zoom or fly in, locate, draw or other methods to
graphically examine the selected entities.

. Choose a geometry repair solution: Multiple methods are provided for

choosing and selecting a relevant geometry repair solution:

o

Context Menu: Right clicking on an entity in the list will reveal a list of
options that are normally relevant for the selected entity type. (See Figure
3.) For example, selecting the Remove Surface... menu item will bring up
the Remove Surface command panel pre-populated with the relevant
entity. To execute the same operation on many entities at once, first select
all relevant entities in the list.
Show Solutions: Selecting the Show Solutions check box at the top of
the results window will display an additional window, (See Figure 4.)
populated with relevant operations for the currently selected entity.
Selecting a solution will display a preview of the operation in the graphics
window. Double clicking the solution will execute the solution. A right click
on the solution will show a context menu revealing the following options:
= Execute: Execute the selected solution (same as double click).
= Show More Solutions: Add additional solutions computed for
attached entities if they exist. For example, if a small curve is
selected, this option will include additional solutions in the window
for its attached surfaces and vertices.
=  Open Command Panel Operation: Depending on the type of
solution selected, the relevant command panel will appear pre-
populated with the options called for in the solution. This provides
the option to further customize the solution if the precise desired
command is not displayed.
Command Panel Buttons: The buttons at the bottom of the geometry
power tool will display a specific geometry command panel. This can be
useful if many similar operations are to be performed on different entities.
A description of each is provided below.
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.4 Show Solutions
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Figure 3. Geometry entity context

menu in power tool.
Figure 4. Entitiy-specific solutions

displayed in geometry power tool.

Geometry Analysis Tools

The geometry power tools, contain various diagnostic tests that can be run on geometry
to diagnose potential problems for mesh generation and defeaturing. To display a list of
tests, click on the Options... button. The panel shown in Figure 2. will appear. Select or
deselect the desired options from the window before performing an analysis. To avoid
long analysis times, select only tests that are relevant for your current problem scope.
Cubit will also save the current test selections between runs. The geometry analysis tests
are summarized below:

Small Features

Small features may be necessary and desirable in a model, but many times they are the
result of poor geometry construction, or they may just not be important to the analysis.
The small features tests look for small curves, small surfaces, and small volumes. These
tests rely on the user-defined small curve threshold value defined at the top of the
Geometry poert tool.

e Small Curves - Small curves, including zero-length curves such as hardpoints,
are compared directly against the small curve threshold value, and identified if
they are less than or equal to the given value.

« Small Surfaces - Small surfaces are identified based on area and hydraulic
radius. Surface areas that are less than the square of the current mesh_size are
identified as small. For surfaces where the hydraulic radius, defined as
4*surface_area/perimeter, is less than the small curve threshold are also
identified as small.
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« Small Volumes - Small volumes are identified by their hydraulic radius, defined
as 6*volume/surface_area.

Bad Angles

Small geometric angles at vertices and curves can sometimes over-constrain the resulting
mesh resulting in poor element quality. These tests are controlled by the Bad Angle
threshold value defined at the top of the Geometry power tool Options panel.

e At Vertices - For vertices, the angle formed by two attached curves is measured.
Vertices where angles less than the Bad Angle threshold. Figure 5 shows an
example of a bad angle where the resulting tet or hex mesh may result in poor
mesh quality. Note that depending on how the angle is measured at the vertex,
the small angle may be also be identified if 360.0-angle is less than the Bad
Angle threshold. The blunt tangency or collapse angle operations are useful
for removing bad angles at curves.

bad angle

Figure 5. Bad Angle at Vertex Example

e At Curves - For curves, the angle formed by two attached surfaces is measured.
Similar to vertices, curves where angles less than the Bad Angle threshold are
identified.

e Tangential Intersections - A tangential intersection is formed when two parallel
surfaces share an edge and have a 180 degree angle between them. The
tangential intersection test is looking for the condition where two surfaces that
meet tangentially share a common edge, and each of the surfaces has another
edge which resides on a third face and forms a small angle. In the example
shown in Figure 6., Surface 1 and Surface 2 are tangential to each other and
share a common edge. Both Surface 1 and 2 have another edge which resides
on Surface 3 and forms a small angle at the vertex common to all three surfaces.
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Surface 2
Small Angle

at Tangential
Intersectio

Surface 1

Figure 6. Tangential Intersection Example

Environment Control

The tests in the Traits category, group entities according to a specific characteristic of
the geometry such as its thickness or radius. Use the threshold values at the top of the
Geometry power tools Options panel to set limits on values used to control entities
returned from these tests. Geometry Traits include the following:

thickness

close loop

Figure 7. Close Loop Example

Close Loops - Close loops are identified by two curves on a single surface for
which the shortest distance between them is less than the current mesh_size.
Surfaces identified as close loops are ordered based on the minimum thickness
of the surface between the loops. These surfaces and their immediate neighbors
are often candidates for the remove surface command.

Chamfer Chains - A chamfer surface can be identified as a narrow strip where
its angle to neighboring surfaces is about 45 degrees as shown in Figure 7.
Chamfers often occur as a chain or connected set of surfaces and are grouped
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together in the power tool as a collection of surfaces that can be expanded and
examined individually. Chamfer chains are ordered based on the narrow
thickness of the surfaces illustrated in Figure 8. Setting the Chamfer Thickness
threshold in the Options panel will control which chamfer chains will be identified.
The default value for Chamfer Thickness threshold is the current mesh_size
Since chamfers with small thickness can effect the resulting size of the elements
the remove surface option is often used to eliminate them.

chamfer chamfer

Figure 8. Chamfer Examples

Blend Chains - A blend surface serves as a smooth transition between two
neighboring surfaces, such as a fillet as shown in Figure 8. Blends are identified
as surfaces having a constant radius along one of its parametric directions.
Blends often occur as a chain or connected set of surfaces and are displayed as
a collection of surfaces in the power tool that can be expanded and examined
individually. Enter a Blend Radius threshold value at the top of Geometry power
tools options panel to control the maximum radius of curvature for surfaces
returned from this test. The default value for Blend Radius threshold is the
current mesh_size. Resulting blend surfaces are ordered based upon their
minimum radius of curvature. Blend chains can be candidates for the remove
surface blend chain or split surface commands.

S
6\0

>

blend @6 blend

Figure 9. Blend Examples

Holes - Holes are a special category of Cavity (see below). They are collections
of surfaces that are bounded by curves where the exterior angle is greater than
180 degrees and at least one of the surfaces have a radius of curvature less than
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the Hole Radius threshold. Figure 10 illustrates a hole that is comprised of a
cylindrical surface and a planar circular surface. Resulting hole collections of
surfaces are ordered based upon their cylindrical radius. Holes can be
candidates for the remove surface cavity command.

[ 2700 /\

. ‘ @ radius
-~ radius ‘ . ‘

~ . hole
|

hole
surfaces

Figure 10. Hole Example

Cavities - Small cavities in a volume may be candidates for removal from the
geometry. A cavity is defined as a collection of surfaces bounded by curves with
an external angle greater than 180 degrees. Enter the Cavity Area threshold
value at the top of the Geometry power tools Options panel. This value controls
the maximum total surface area for a cavity identified from this diagnostic test.
Since cavities may consist of many individual surfaces, the resulting ordered list
displayed in the power tool includes sub-lists of surfaces that can be expanded
and examined individually. Surfaces contained with cavities or holes can be
candidates for the remove surface cavity command which will remove all
surfaces in the cavity sumiluatneously.

cavity

Figure 11. Cavity Example

Cone Surfaces - Cones are defined as any surface comprising exactly two
curves where one of the curves is of zero length. Cone surfaces can often cause
difficulty for surface meshing, and should be removed when possible. Surfaces
identified as cones are ordered based on their surface area. Cone surfaces are
good candidates for the tweak surface cone command.
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\ cone

Figure 12. Cone Example

o Bad Geometry Definition - Cubit uses third party libraries, such as ACIS from
Spatial, Inc. for much of its geometric modeling capabilities. The bad geometry
definition check calls internal validation routines in these libraries, when
available, to check for errors in geometry definition. Entities indetified as "bad
geometry" are usually candidates for the heal volume command. If the third
party library does not provide validation capabilities, this check will not return
anything. Note: ACIS is a trademark of Spatial.

Assembly Checks

Check the interactions between multiple volumes. Here we check for overlaps, gaps and
misalignments between nearby volumes. It will also identify volumes that are in contact
as well as entities that are ready for merging.

For assemblies of volumes, it is important to identify if volumes will be connected
(imprinted and merged) are in contact, or separated by some distance. The Assembly
Checks provide diagnostics and solutions to validate and resolve these interactions.
The Gaps, Overlaps and Misalignments diagnostics normally identify undesirable
conditions that must be resolved prior to imprint and merge. Once resolved, the Volume
Contacts and Mergable Geometry can be used to validate connections before and after
imprinting and merging.

The Options panel also provides a way to estimate or manually set an imprint tolerance.
Entities closer than this tolerance will be considered mergable when used with the tolerant
imprint command. When the Tolerant Imprint checkbox is selected in the Options panel,
the diagnostic tests that identify gaps, overlaps and misalignments will also use the
specified tolerance when computing issues.

e Volume Gaps - Lists volume pairs that are separated by a distance smaller than
the Volume Gap tolerance specified in the Options panel, but are not in contact
or overlapping. Gaps can result in parts that are not correctly merged and will not
share nodes between volumes when meshed. Expanding a volume pair in the list
will display individual surface pairs where gaps exist between the volumes.
Figure 13 illustrates a gap between two volumes. Gaps can be visualized using
the Draw Volume Gap context menu, also shown in Figure 13, where the
surfaces that are within the gap tolerance are displayed in red. The tweak
surface replace command can sometimes be used to correct overlaps.
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» |«— gap distance

volume gap

Figure 13. Volume Gap Example

Volume Overlaps - Lists volume pairs that are overlapping. Figure 14. shows an
example of a volume overlap. Overlapping volumes can result in sliver surfaces
and bad element quality if they are not resolved prior to imprinting and merging.
Overlaps can be displayed with the context menu item, Draw Volume Overlap
which displays the overlap region in red. The remove overlap command or
tweak surface replace commands can often be used to correct overlaps.

— «—— overlap distance

volume overlap

Figure 14. Volume Overlap Example

Volume Misalignments - Misalignments are caused when neighboring volumes
touch without overlap, but a small distance between neighboring vertices, curves
or surfaces is identified. Figure 15 shows an example of a misalignment.
Misalignments can result in sliver surfaces and bad element quality if not
resolved prior to imprinting and merging. The Volume Misalignments diagnostic
test will list pairs of volumes that are misaligned. Expanding a volume pair will
reveal entity to entity misalignments that were detected between the pair. Three
categories of misalignments will be displayed, namely: vertex-vertex, vertex-
curve and vertex-surface ordered by their misalignment distance. These indicate
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entity pairs that are closer than the Volume Gap tolerance that is set in the
Options panel. The tweak surface replace command can often be used to
correct misalignments.

misalignment

. misalignment
distance &

distance

Y

A

Figure 15. Volume Misalignment Example

Volume Contacts - Volumes that have surfaces in contact but not merged are
displayed with this diagnostic test. This provides a way to distinguish volumes
that are merged from those that are not and validate whether a contact state
should exist between neighboring volumes. This list will include volume pairs that
are touching including those that have been identified by the Volume
Misalignment diagnostic test. Expanding a volume pair will reveal pairs of
surfaces on different volumes that are in contact. If the contact state is not
correct, normally an imprint and merge operation should be performed
Mergable Geometry - Pairs of entities on neighboring volumes that are co-
located are identified by this diagnostic test. This is normally used to verify that
the expected set of surfaces are coincident prior to merging. Mergeable
geometry pairs of surfaces, curves and vertices are displayed in this list. Lower
order entities (ie. curves and vertices) will not be displayed if its parent geometry
(ie. surface) is identified as mergeable. In most cases, lower order entities
identified by this diagnostic indicate the existence of overlaps or misalignments
and should be resolved before imprint and merging. Note that the default merge
tolerance of 1e-6 is used to determine if entities are mergeable unless the
Tolerant Imprint checkbox is selected in the Options panel and a user defined
tolerance is set.

Geometry Repair Tools

The geometry repair tool buttons appear at the bottom of the Geometry Power Tool.
Selecting one of these buttons will bring up the relevant command panel. Tools included
in this panel have proven useful for geometry repair and defeaturing.

@Split Surface Button
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The split surface tool is used to split a surface into two surfaces. This is useful for blend
surfaces, for example, where splitting a surface may facilitate sweeping. To select a
surface for splitting, click on the surface in the tree view. To select multiple surfaces in
the window, hold the CTRL key* while selecting surfaces (surfaces must be attached to
each other). Then press the split surface button to bring up the Control Panel window with
the ids of selected surfaces in the text input window. The split surface menu is located on
the Control Panel under Geometry-Surface-Modify. You must press the Apply button for
the command to be executed. You can also bring up the Split Surface menu by selecting
surfaces in the tree view and selecting Split from the right click menu.

*Note: For Mac computers, use the command key (or apple key) to select multiple entities

.Q
Heal Button

The healing function in Cubit is used to improve ACIS geometry that has been corrupted
during file import due to differences in tolerances, or inherent limitations in the parent
system. These errors may include: geometric errors in entities, gaps between entities,
and the absence of connectivity information (topology). To heal a volume, select the
volume in the geometry repair tree view. Then press the heal button. You may also press
the heal button without a geometry selected in the window, and enter it later. The Control
Panel window will come up under the Geometry-Volume-Modify option with the selected
volume id highlighted. If no entity is selected, or if another entity type is selected, the input
window will be blank. You can also open the healing control panel by selecting Heal from
the right click menu in the geometry power tools window.

ré Tweak Button

The tweak command is used to eliminate gaps between entities or simplify geometry. The
tweaking commands modify geometry by offsetting, replacing, or removing surfaces, and
extending attached surfaces to fill in the gaps. Tweaking can be applied to surfaces, and
it can be applied to curves with a valence no more than 2 at each vertex. It can also be
applied to some vertices. To tweak a surface, select the surface in the tree view. The
Geometry-Surface-Modify control panel will appear with the selected surface id in the
input window.

Tweaking is available for curves. Tweaking a curve creates a blended or chamfered edge
between two orthogonal surfaces. The curve option is located on the Geometry-Curve-
Modify panel under the Blend/Chamfer pull-down option.

Tweaking is also available for some vertices. Tweaking a vertex creates a chamfered or
filleted corner between three orthogonal surfaces. The vertex option is located on the
Geometry-Vertex-Modify panel under the Tweak pull-down menu.

Note: Only curves with valence 2 or less at each vertex are candidates for tweaking.
Any other curve will cause the Geometry-Surface-Modify menu to appear.

@‘Merge Button

The merge command is used to merge coincident surfaces, curves, and vertices into a
single entity to ensure that mesh topology is identical at intersections. Unlike other buttons
on the geometry repair panel, the merge button acts as an "Apply" button itself. All
geometry that is listed under "mergeable entities" will be merged.

| g'r\:;"ﬂ1|Remove Button
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The remove button is used to simplify geometry by removing unnecessary features. To
use the remove feature, click on the surface(s) in the Tree View. Right click and select
the Remove Option, or click the Remove icon on the toolbar. The Control Geometry-
Surface-Modify control panel will appear, with the surface ids in the input window. The
Remove control panel can also be accessed from the right-click menu in the Geometry
Power Tools window. Select options and press apply.

MRegularize Entity Button
The reqularize button is used to remove unnecessary topology. Regularizing an entity will
essentially undo an imprint command.

ﬁlRemove Slivers

The remove slivers button is used to remove surfaces with less than a specified surface
area. When ACIS removes a surface it extends the adjoining surfaces to fill the gap. If it
is not possible to extend the surfaces or if the geometry is bad the command will fail.

B’ Auto Clean Geometry

The auto clean button is used to perform automatic cleanup operations on selected
geometry. These automatic cleanup operations include forcing sweepable configurations,
automatically removing small curves, automatically removing small surfaces, and
automatically splitting surfaces.

o

i Composite Button

The composite button is used to combine adjacent surfaces or curves together using
virtual _geometry . Virtual geometry is a geometry module built on top of the ACIS
representation. Surfaces may be composited to simplify geometry in order to facilitate
sweeping and mapping algorithms by removing constraints on node placement. It is
important to note that solid model operations such as webcut, imprint, or booleans, cannot
be applied to models that have virtual geometry. Both curves and surfaces may be
composited.

@Collapse Angle Button

The collapse angle button uses virtual geometry to collapse small angles. This is
accomplished by partitioning and compositing surfaces in a way so that the small angle
gets merged into a larger angle. Pressing the collapse button on the geometry power
tools will open the collapse menu under Geometry-Vertex-Modify control panel. This
panel can also be opened by selecting Collapse from the right click menu in the Geometry
Tools window.

ﬁlCollapse Surface Button

Pressing this button will open the collapse surface panel on the main control panel. The
collapse surface function uses virtual geometry to eliminate small surfaces on the model
to improve mesh quality. It is most useful for blend surfaces.

i

mCollapse Curve Button

Pressing this button will open the collapse curve panel on the main control panel. The
collapse curve command is used to eliminate small curves using virtual geometry.

77



=

Environment Control

¥ Reset Graphics Button

The reset graphics button will refresh the graphics window display.

Note: Pressing most of the geometry tool buttons on the panel will only bring up
applicable command panels on the Control Panel. You must press the Apply button on
the Control Panel to execute the command.

Context (Right Click) Menu

The following right click menu options are available from the geometry power tool's main
window when a geometry entity or category is selected. Figure 3. shows an example of a
context menu. Specific options depend on the type of entity or category.

Test Categories

Select All - Selects all entities in the category

Draw All - Draw all entities in the category

Draw All Add - Draw all entities in the category without first clearing the display
Locate All - Labels all entities in the category in the graphics window. Refresh
screen to hide.

Expand All - Expand all categories to show sub-lists of entities

Collapse All - Collapse all categories to hide sub-lists of entities

Entity Visualization Options

Zoom To- Zoom to selected entity in the graphics window

Reset Zoom - Reset graphics window zoom

Fly-in - Animated zoom

Locate - Labels the selected entities in the graphics window. Refresh screen to
hide.

Draw - Displays only selected entities by themselves.

Draw Add - Adds the selected entity to the display without clearing.

Draw with Neighbors - Displays only selected entities with all attached
neighbors

Select Similar ... - Selects other entities in the same category that have the
same geometry characteristic. For example, area, loop thickness, blend radius,
angle at vertex, etc.

Clear Blend Chain - Available in Blend category. Selects surfaces in the same
blend chain as the selected surface.

Clear Cavity/Hole - Available in Cavity/Hole category. Selects surfaces in the
same cavity or hole collection as the selected surface.

Clear Selections - Clears all highlighted entities and reset graphics

Cubit Solution Options

Each of the following menu options are available based on the category and entity type
selected. In each case they will open the relevant command panel pre-populated with the
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entity selected. Select multiple entities prior to selecting the context menu item below to
execute the command on multiple entities simulaneously.

« Tweak Remove Surface...
e Remove Surface...

« Tweak Replace...

« Remove Slivers...

« Remove Blend...

« Remove Cavity...

e« Blunt Tangency...

e Heal Owning Body...

e Merge Selected

e Merge All
e Unite Volumes
e« Reqularize

e Collapse Curve (Virtual)...

e Collapse Surface (Virtual)...

e Composite Curves (Virtual)...

e Composite Surfaces (Virtual)...

e Collapse Angle at Vertex (Virtual)...

Meshing Tools

The meshing power tool provides a tool for determining whether a geometry can be
meshed using autoscheme, or if it requires its scheme to be set explicitly. This tool is
designed to help guide users through geometry decomposition process by providing a
convenient way to see which geometries need further modification or decomposition prior
to meshing.
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Figure 1. Meshing Power Tool showing the solution window with a preview of a webcut
solution.

Entity Specification- The meshing power tool works for volumes or surfaces.

Colors Button - Opens the Tools>Options dialog to change the visualization colors of
surface schemes for the meshing tool

Show Webcut Solutions - When selected the webcut solutions window will be displayed
and populated with custom webcut solutions based on the selected volume.

Analyze Button - The Analyze button issues the autoscheme command for all selected
volumes and surfaces and populates a two lists: Scheme Set and No Scheme Set.
Auto Update Checkbox - Used with the webcut solutions, when selected, after executing
a webcut, the model will automatically update to determine meshability of the active
volumes.

Output Tree - The output from the meshing tool is displayed in tree format. Geometry is
divided into "Scheme Set" and "Scheme Not Set" divisions. The geometry is listed under
these nodes. If autoscheme was successful, its assigned scheme is also displayed.
Solutions Window - A solutions window that displays potential webcuts for a selected
volume is also available. Display the solutions window by selecting the Show Webcut
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Solutions checkbox at the top of the panel. When a volume is selected, a list of potential
webcuts will be displayed. The solutions can be previewed by selecting them and double-
clicking will execute the webcut. To further customize the webcut, a right-click on the
solution will provide access to the relevant webcut command panel, pre-populated with
necessary parameters.

Imprint and Merge After Webcut Checkbox - Available when the Solutions window is
displayed, when selected, the resulting webcut operations will also perform an imprint
and merge operation.

Toggle Visibility Button - The meshing tool displays entities as red or green in the
graphics window. Green means that they are currently meshable using the autoscheme.
Red means that they require their scheme to be set explicitly. Turning this capability off
will return the volumes and surfaces to their original colors.

Meshing Tools Buttons - Several meshing tools are available to the user from this
window. Depending on the entity selected, these are also available from the right-click
context menu, and they are described below.

Right Click Context Menu

e Zoom To - Zoom in on this element in the graphics window

o Draw - Draw this entity by itself in the graphics window

e Locate - Locates and labels entity in the graphics window

o Rotate About - Issues Rotate about command for selected entity

o Visibility On/Off - Toggle visibility

o Reset Graphics- Reset graphics display

e Set Size - Opens the Mesh/Entity/Interval panel on the control panel where you
can set interval sizes for the selected geometry

« Set Scheme - Opens the Mesh/Entity/Mesh panel on the control panel where
you can set a scheme for the selected entities

e Set Vertex Type - Available when surfaces are selected. Opens the
Mesh/Surface/Mesh panel to set vertex types.

e Imprint/Merge- Opens the Geometry/Entity/Merge panel on the control panel. If
you have entities selected in the tree window it will input them to the
imprint/merge command.

e Webcut - Opens the Geometry/Volume/Webcut panel on the control panel. If a
volume is selected in the meshing tool window it will input it in the webcut panel.

e Color Surfaces - Color surfaces based on their schemes. You can change the
default colors by selecting the Options button.

« Restore Colors - Restores colors on selected entity or entity type

« Mesh - Meshes the selected entities (bypassing control panel)

e Delete Mesh - Deletes the mesh on selected entities

« Unmerge - Unmerges selected entities

e View Descendants - Opens a list of child entities and their meshing schemes.
Press Analyze to return.

e View Ancestors- Opens a list of parent entities and their meshing schemes.
Press Analyze to return.

« View Neighbors- Opens a list of bordering entities and their meshing schemes.
Press Analyze to return.

81



Environment Control

Mesh Quality Tools

The mesh quality tool is located in the entity tree window under the quality tab. The Mesh
Quiality Tool works on meshed entities to analyze mesh quality based on selected metrics.
Output from the mesh quality analysis can be visualized using color-coded scales. The
mesh quality tool also contains tools to improve mesh quality including smoothing,
refinement, node merging, mesh validation, deleting mesh elements, and repositioning

nodes.
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Figure 1. Mesh Quality Tools
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Entity Type - The mesh quality tools can only be applied to mesh entities including
volumes, surfaces, hexahedra, quadrilaterals, triangles, or tetrahedra.

Help Button - Opens context specific help for this topic.

Options Button - Clicking on this button will show the Tools>Option menu dialog that
allows users to manually enter metric range settings. The settings are persistent between
sessions. For a description of quality metrics and default ranges click on one of the
following links:

e Metrics for Hexahedral Elements
e Metrics for Quadrilateral Elements
e Metrics for Tetrahedral Elements
e Metrics for Triangular Elements

Visual Button - Clicking on this button will open the Mesh/Entity/Quality command panel
specific to the entity selected. To visualize elements in the graphics window based on a
color-coded quality scale, you must select the entities to visualize and check the "Display
Graphical Summary" check box. Once that box is selected, you must also make sure the
"Draw Mesh Elements" option is selected. Then press the Apply button

Analyze Button - This button starts the quality processing based on the metrics/filters
selected.

Output Window/Tree - The failed elements are shown in the tree under the heading
"Poor Elements". For each metric/filter the output will be listed in a tree format with the
following nodes.

1. The top node on the tree is the name of the metric.
2. The next node under is the owning volume or surface when volumes or surfaces
are analyzed.
3. The next node will be categories or groups of elements. Possible categories are:
o All Above Threshold - represents all mesh elements above the quality
threshold upper range
o All Below Threshold - represents all mesh elements below the quality
threshold lower range
o Top "n" - This will expand into a list, up to 50 elements long, of the worst
offending elements above the upper threshold range.
o Bottom "n" - This will expand into a list, up to 50 elements long, of the
worst offending elements below the lower threshold range.

4. At the lowest level of the tree are mesh elements.

The mesh elements can be sorted by quality or by numeric order. To change the way
items are sorted, click on the headings. The right-click or context menu will show various
remedies depending on what is selected. Performing an operation on a parent node will
perform the same operation on all of the child nodes.

Mesh Quality Tool Buttons

The buttons on the bottom of the mesh quality tool window are some of the tools you may
use to improve mesh quality and include.
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e Smooth Button - Opens the Mesh>Entity>Smooth panel

« Refine Button - Opens the Mesh>Entity>Refine panel

« Move Node - Opens the Mesh>Node>Move Node panel

e Merge Node - Opens the Mesh>Node>Merge Node panel

o Delete Mesh Element - Deletes selected mesh entity

o Validate Mesh - Issues the validate mesh command

e Check Coincident Nodes - Issues the check coincident nodes command.
o Refresh Graphics

Right-Click Context Menu Items

e Draw - issues a draw command for any tree node below the metric name.

e Color Code - Issues a 'quality .... draw mesh' command for any tree node below
the metric name

e Locate - Issues Locate for volume/surface/hex/quad/tet/tri. The locate command
will draw and label selected entities in the graphics window.

e Fly-In - Issues Fly-in for volume/surface/hex/quad/tet/tri. The fly-in command is
an animated zoom feature.

e« Zoom to - Issues Zoom command for volume/surface/hex/quad/tet/tri

o Rotate About - Issues Rotate About command for
volume/surface/hex/quad/tet/tri

e Vis on/off - Issues visibility on/off for volume/surface

e« Smooth - Issues generic smooth command for volume/surface/hex/tet

e Smooth Surface Parent - issues a smooth surface command for the surface
parents of selected quads and tris.

o Delete Mesh - issues delete mesh propagate command for vol/surf

o Delete Elements - issues delete element command for mesh entities in all
categories except ‘all'

« Validate mesh - validates selected volume or surface

e Check Coincident Nodes - checks for coincident nodes on volume or surface

e Smooth Panel - brings up the correct smooth panel depending on what's
selected

e Smooth Surface Panel - bring up the smooth surface panel with correct surface
ids for selected quads and tris

« Merge Node Panel - brings up the panel to merge nodes

e Move Node Panel - brings up the panel to move nodes

e Reset Graphics - resets the display

Assembly Tool
In Cubit versions prior to 15.4 assembly data was managed on the model tree. Beginning

with Cubit version 15.4 a power tool for assemblies is available.
A detailed, command-based discussion of assemblies and metadata can be found here.
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Power Tools

@ 2 A K K 4

Wigw | Assembly Tres -

A

Mame -2 |d Path

Vﬁ Top level assembly 1 fTop level
' Sub-assembly 2 1 Top level
h Part 1 1 {Top level

e Sub-assembly 1 1 {Top level

£ >

Information

Property Yalue

W General

Classification Level
Classification Category
Weapon Category

v Assemnbly Data

Type Part
Marne Part 1
Instance 1
Path fTop level assembly/...
Description

File Format

Units

Material Description

Material Specification

85



Environment Control

Figure 1 - Assembly Power Tool

Like all other power tools in Cubit, the user is encouraged to experiment with the various
options found in context menus. The context menus are specific to the entity type
selected.

View | Assembhy Tree -
Marme # Id Path

V?i Top level assembly 1 [Top level

V?i Sub-assembly 2 1 [Top level

Ei Part 1 1 Mop level

%: Sub-assemhblv 11 Moo leve

Create Mew Sub-Assembly
Create Mew Part

Remove from Metadata
List Metadata

Rename

Refresh

Collapse Tree

Figure 2 - Assembly Context Menu

Metadata Attributes

Users have access to the following attributes:

Type - The metadata type: Assembly, Sub-Assembly or Part

Name - The name for the assembly or part. This can be edited from the property
window

Instance - The numeric value associated with the part or assembly

Path - The absolute path of the part or assembly

Description - The description of the part or assembly

Material Description - The name or description of the material of which this part
is composed

Material Specification - The formal specification number of the material of which
this part is composed

File Format - The name of the file system containing the original version of this
entity

Units - The unit system of this part or assembly

Another View

At the top of the tool is a pull down menu. This allows the user to change from the full
assembly view to a parts view.
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Figure 3 - Pull down Menu

Geometry/Mesh Comparison Tool

The Geometry/Mesh Comparison Tool tries to find geometry and mesh that do not
correspond. The typical use is to import a geometry file and then import a mesh file that
is associated with the geometry. The comparison tool will locate mesh that does not
correspond to the geometry. The tool will also show geometry that does map to any mesh.
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The user selects the volumes for the comparison, then selects the mesh entities for the
comparison. A default comparison tolerance value of 1e-6 will be used unless otherwise
specified. No additional setup is required. Select the "Compare" button to generate
results.
Unassociated entities will be displayed in one of two categories:
1) Mesh elements not associated with any volume
2) Partially meshed volumes
Clicking on the labels in the tree will cause the entities to be drawn in the graphics window.
If "Draw Without Refreshing" is selected, the draws will be additive. If "Draw Without
Refreshing" is not selected, the previous draw will be removed when the current drawn
entities are shown.
The underlying Cubit command for the tool is the following:
Compare volume <id range> {block <id range> | hex <id range> | tet <id range>
[tolerance <value>]
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The command will create three types of groups that contain non-corresponding mesh
and/or geometry. The group named "mesh_with_no_volume" contains hexes or tets that
cannot be associated with any volume. The groups named "No_meshed_Volume_*"
contain the curves of a volume (for display purposes) that is completely void of any hexes
or tets. Lastly, the groups named "Partially_meshed_Volume_*" contain hexes or tets,
faces or tris, and curves of volumes that could only be partially associated with mesh. The
group is created with these entities so that the user can see the partially meshed regions
of the volume.

Defeature Tool
The Defeature Tool is capable of removing small irrelevant curves and surfaces. These
small curves and surfaces are one of the main sources of low quality elements and

meshing failures. Sliver surfaces and curves generally exist at fillets, chamfers, and sliver
surfaces at misalignments in imprinted assembly models.
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Figure 1 - Defeature Power Tool
Defeaturing small curves and surfaces involves three main steps:

1. Analyze the model to automatically detect small curves and surfaces.
2. Manually deselect, if needed, detected small curves and surfaces.
3. Execute the defeature tool to remove small curves and surfaces.

Step 1 requires specifying volume ids (e.g. all) and a tolerance (e.g. 0.6) as shown in
Figure 1. Clicking “Analyze” button will automatically find small curves and surfaces in
the volumes specified. Figure 2 shows the highlighted small curves and surfaces with the
label information. Figure 3 shows a zoom view of a small surface.
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In Step 2 the user is allowed to deselect entities by unchecking entities from the list
“Entities to be Defeatured”. Users can also use “Highlight”, “Draw”, and “Locate” buttons
to examine the automatically detected entities (see Figure 2).

In Step 3 actual defeaturing is performed by clicking the “Execute” button (see Figure
5). Figure 4 shows the zoom view of a defeatured volume. Defeatured volumes are
created in a new user specified group (by default in “defeature_group”) as shown in Figure
6. Only the volumes that have small curves and surfaces will be defeatured. Also, by
default old original volumes are deleted and new defeatured volumes (child entities) will
use the corresponding old ids. Please use the option “Keep Originals” if you want to have
both old original and new defeatured volumes.

NOTE:

1. The new defeatured volumes are in MBG format. That is defeatured volumes are
facet based instead of NURBS based ACIS volumes. Therefore, it is highly
recommended to perform NURBS based operations such as webcut and imprint
before calling defeature.

Command Syntax:
Set tolerant mesh mbg only

This command forces the mesh to associate with new defeatured volume. Currently, this
command must be called before calling the defeature command below.

Defeature curve_length <value> [Curve <ids>] [Curve <ids>] surface_prox2d
<value> [Surface <ids> ] [group <id>] [keep]

curve_length <value>: Curves with length less than or equal to <value> are
automatically detected as candidate for defeaturing if auto_identify s
specified. Otherwise, [Curve <ids>] must be specified.

surface_prox2d <value>: Surfaces with narrow region between opposing bounding
curves are automatically detected as candidate for defeaturing if auto_identify is
specified. The 2d proximity <value> specified in detecting surfaces containing narrow
regions. If auto_identify is not specified, then [Surface <ids>] must be specified.

group <id>: Defeatured volumes are added to the group id specified.

keep: If keep argument is specified original entities are kept along with new defeatured
volumes. If keep argument is not specified, then original entities are deleted and new
defeatured volumes and its subentities (surfaces, curves, and vertices) will use the ids of
original volumes.

Preserving Critical Geometric Entities
Before defeaturing the geometry, the user may wish to specify geometry that will be
preserved during defeaturing. The below given "Fix" keyword is used to preserve any

entity. The user may specify a volume, surface, curve, or vertex to fix.

Mesh Tolerant Fix [Volume|Surface|Curve|Vertex] <range>
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To reverse the effects of fixing a geometric entity, the user may "free" an entity using the
following syntax

Mesh Tolerant Free [Volume|Surface|Curve|Vertex] <range>

Example for fixing geometric entities:

reset

brick x 10

brick x .1

move vol 2 x 5

unite all

mesh tolerant fix surf all

mesh tolerant fix curve all

Defeature curve_length .2 curve 31 29 27 26 24 32 13 30 17 28 22 25
surface_prox2d .2 surface 13 14 15 16 12

Sample Journal File:

Even though the defeature tool is mainly intended to driven by the GUI, it can be used via
command line. Without the GUI, it will be harder to provide the list of small curves and
surfaces to the defeature command. Here is a sample journal file:

# import simple assembly

import acis ‘assemblylla.sat'

# perform any ACIS based operations such as webcutting and imprinting first

imprint all

merge all

# enable the developer only command

set developer on

# force the mesh to associate with defeatured MBG volumes

set tolerant mesh mbg only

# create a new group to store defeatured volumes

group 'defeatured_vols' add volume all

# perform actual defeaturing by specifying the volume ids, tolerance, and small curve/surf
ids.

# defeatured volumes will be placed in the user specified group id and original entities
can be

# kept along with new defetured volume using “keep” option.

defeature volume all curve_length 0.3 curve 107 103 102 100 88 85828096 4 2 214
212 211 210 203 200 199 197 188 187 185 183 170 167 164 162 234 232 227 225 254
253 252 251 249 248 243 242 272 271 270 269 265 264 259 258 288 287 286 285 281
280 275 274 304 303 302 301 297 296 291 290 312 311 307 306 surface_prox2d 0.3
surface 47 485051414340422413111112118120121 122124126128 129 130
132 134 135 136 138 140 141 142 144 81 82 83 84 88 89 90 91 94 95 96 97 100 101
102 103 group 2 keep

# del any old original volumes if you don’t want it anymore

delete vol 1 to 11

# enable visibility of only defeatured vols
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vol all vis off

vol all in group 2 vis on

# set scheme to tetmesh

vol all in group 2 scheme tetmesh
# set mesh size

vol all in group 2 size 1

# mesh defeatured vols

mesh vol all in group 2

# disable developer only command
set dev off

Figures
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Figure 6: New defeature_group contains defeatured volumes in MBG format

Beams and Shells with the Geometry
Power Tool

This page describes the beam and shell modeling tools that are part of Cubit's Geometry
Power Tool. Geometry simplification is often required when modeling assemblies
comprised primarily of thin volumes. Shell finite elements are often used rather than full
3D hex or tet elements. The task for analysts in this case is to reduce the 3D set of thin
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volumes to a set of connected sheet bodies where a mesh of triangles or quadrilaterals
can be applied. This procedure can be managed with the Geometry Power Tool if the
Beam and Shell diagnostic is selected.

Background

The Geometry Power Tool in Cubit provides a series of diagnostic checks on your model
used to defeature or simplify a CAD model prior to meshing. Clicking the Analyze button
will perform the selected diagnostic tests and display an expanding tree listing geometric
entities that are identified by each test. Once identified, suggested solutions can be easily
previewed and executed.

The Beam and Shell diagnostics work best in conjunction with the machine learning
models. As such, it is recommended that if using these tools, that the Load ML Models
button first be selected using the procedure described in the page Machine Learning with
the Geometry Power Tool.
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Figure 1. Thin Volumes diagnostic
displayed with Solution window.
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Reduce solutions show for volume in
figure 3. Figure 2. Sheets diagnostic displayed
with Solution window. Solutions for
connections at one of the sheets are
displayed.

Figure 3. Two reduce options for the same volume

Thin Volumes

This diagnostic manages the reduction of thin volumes to their 2D or sheet body
equivalent. Its primary use is to preview and execute custom reduction operations on
selected thin volumes when using the Show Solutions checkbox. The default mode for
this diagnostic is to simply list all active volumes. If the machine learning models have
been loaded, this diagnostic will be limited to volumes identified as "thin" for its
classification category. Figure 1 shows the power tool with an example of a simple 3
volume assembly, where volumes are listed in ascending order based on their geometric
volume.

Thin Volume Solutions

If Show Solutions is checked, selecting a volume in the list will reveal custom solutions
for reducing the selected volume to one or more sheet bodies. Figure 3 shows an example
of a C-shape volume with its reduce solutions displayed in figure 1 in the Solutions
window. Selecting a solution, will display a preview of the reduction operation. In this
example, the first two solutions show the reduced representation previewed in blue.
Double clicking on any of the solutions will execute the solution using the corresponding
reduce thin command. Note that reducing a 3D thin volume will automatically set up an
association from the volume to its child sheet body(s).

Deleting Reduced Solutions

If a reduce solution (sheet bodies originating from the volume) is already defined, a delete
operation will also be available in the custom solution. Double-clicking the delete solution
will delete the sheet body(s) and remove it as one of its sheet body children.

Machine Learning Confidence

If the machine learning models are loaded, a Confidence value will be displayed with each
custom reduce option. This is a predicted suitability score based on existing training data.
The solutions will be listed with the highest confidence listed first. Predictions are based
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based on existing training data and can be updated using the Reinforcement Learning
tool. They can also be modified to reflect user preferences using the right-click menu
option when the solution is selected using either the Maximize Confidence or Minimize
Confidence options.

Sheets

This diagnostic will list all volumes defined as sheet bodies. It is most useful when used
with the reduce thin operations, as sheet bodies will automatically be grouped based on
their 3D thin volume parent. If a sheet body was not created with a reduce thin command,
it will be grouped under a generic "orphan" category.

Sheet Attributes

Additionally, when using the sheets diagnostic, three new columns for data entry will
appear which are used for displaying and updating the thickness, loft and block for the
selected sheet body. When using a reduce thin operation, the thickness and loft values
for the new sheet body will be computed and displayed. Blocks will also automatically be
created containing the new sheet body with the thickness and loft assigned as attributes.
Clicking on the entries for thickness, loft or block for a given sheet or volume will permit
editing of these values. Once edited, the appropriate commands will be issued to update
the block attributes. Changing the block ID will also update or create a new block if
necessary.

Sheet attributes can also be exported in the form of a spread sheet by right-clicking on
the sheet bodies or volumes that should be exported and selecting "Export Sheet Data..."

Sheet Solutions

Custom solutions displayed will be tweak or imprint/merge operations that will attempt
to connect nearby sheet bodies. For example, when selecting a solution for tweak, a
preview similar to figure 4 may be displayed. Double-clicking will execute the twealk,

extending the surfaces to touch as shown in figure 5.

Figure 4. Figure 5.
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Right-Click Menu Options

The beam and shell diagnostics provide many of the same visualization options available
with the other diagnostics. A few additional tools, useful for shell modeling, are also
provided and described here:

Draw Sheets [Add]

Draws the selected sheets in the current graphics display mode (usually smooth shade)
and its parent volumes in wire frame. If right-clicking the "sheet" or "thin volume"
categories in the diagnostic window, all sheets and their parents will be displayed.

Draw Sheets with Thickness [Add]

Draws the sheets similar to above, but also displays the sheet as a 3D transparent volume
extrusion, where the thickness of the extrusion is defined by the current assigned
thickness attribute. The transparent extruded volume will also reflect the current loft
attribute for the assigned block. Note that this is similar this is similar to using the
command line draw shell volume. This tool is useful for visually validating the currently
assigned loft and thickness values.

Select/Locate Merged Curves

Selecting this tool will highlight or locate all curves from the selected sheets that are
merged with a neighbor. This is useful for checking that the intended connections have
been made. Note that this option will only select merged curves on sheet bodies that are
children of neighboring 3D thin volumes. (It is assumed that sheet bodies on the same
parent volume will be merged)

Select/Locate Unmerged Curves

Similar to the previous option, but finds connections that have not yet been made and
highlights the closest curve. This is useful for identifying sheet bodies that are not yet
connected but should be.

Delete My Sheets

Deletes child sheet bodies from a parent 3D thin volume and removes its association.

Export Sheet Data...

Brings up a file-picker dialog and exports the current sheet attribute data to a .csv file. If
right-clicking the "Sheets" or "Thin Volumes" category headers, all sheet data will be
exported. Otherwise, only the selected sheets will be exported.

Maximize/Minimize Confidence

Available when right-clicking on a reduce command in the solution window. If the machine
learning models are loaded, a confidence value will be displayed next to each thin volume
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reduce command in the custom solution window. This indicates a suitability score (0 to
1), with the solutions ordered highest confidence to lowest. In many cases choosing the
highest confidence predicted by the ML supervised learning tool is sufficient, however
since the predictions are based only on existing training data, or models it has seen
before, it is possible that the highest confidence solution is not desirable. If this occurs,
the maximize or minimize confidence right-click menu options can be used.

Selecting one of these options will effectively add or replace existing training data to
augment the machine learning model. Executing one of these commands will trigger
retraining, the ML model will be reloaded and a new predicted confidence displayed.
Subsequent operations that use the same or similar reduction will now be updated to
reflect the new confidence prediction.

The primary use case for maximize and minimize confidence is following reinforcement
learning. If the RL methods are unable to identify the best solution for a given situation,
the user can interveen and provide their own preferences to the learning model.

Auto Reduce Thin Volumes...

Available when right-clicking on the "Thin Volumes" diagnostic category. Brings up the
command panel for the reduce thin auto command populated for all active thin volumes.
This command provides an automatic method for reducing multiple thin volumes
simultaneously while maintaining connections.

Reinforcement Learning...

Available when right-clicking on the "Thin Volumes" diagnostic category. Brings up the
command panel for the reduce thin RL command populated for all active thin volumes.
This command uses machine learning with reinforcement learning methods to build a
knowledge base of reduction solutions with their suitability. Use RL in conjunction with
the maximize and minimize confidence options to inject customized user preferences
into the RL solutions. It can also be used for predicting an ordered sequence of Cubit
commands (journal file) for reducing and connecting all active thin volumes.

Machine Learning with the Geometry
Power Tool

This page describes the machine learning tools that are part of Cubit's Geometry Power
Tool for tet mesh quality prediction and part classification.

Background:

The Geometry Power Tool in Cubit provides a series of diagnostic checks on your model
used to defeature or simplify a CAD model prior to meshing. Clicking the Analyze button
will perform the selected diagnostic tests and display an expanding tree listing geometric
entities that are identified by each test. On